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CHAPTER 1 
Introduction 
Phosphorescence spectroscopy has characteristics that provide 
selective and sensitive determination of organic constituents in complex 
samples. These characteristics include: (a) absorption of light, 
(b) emission of light of longer wavelengths, and (c) the long lived 
nature of this emission (1,2,3). A large number of compounds important 
in biology and chemistry can be determined at concentrations as low as 
10~" molar using phosphorescence (1,2,3). These compounds include 
Environmental Protection Agency priority pollutants (including many 
carcinogens and pesticides), and a number of pharmaceuticals (3). 
Unfortunately, in the past the usefulness of phosphorescence as a method 
of analysis was limited by the necessity of dissolving the sample in a 
rigid matrix, usually at liquid nitrogen temperatures (1,2,3). 
Phosphorescence at liquid nitrogen temperatures suffers from a number of 
well documented problems: non-reproducible cracking and snowing of the 
sample, precipitation of the analyte, problems related to liquid 
nitrogen handling, frosting of the optics in the measurement system, and 
the required complex sample preparation procedures (1,2). 
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Phosphorescence at room temperature, which was recently 
rediscovered (4,5), overcomes many of the problems associated with the 
use of liquid nitrogen. Sample preparation, though simpler in 
room-temperature phosphorescence (RTP) than in liquid nitrogen 
phosphorescence (LNP), still appears to be the source of poor 
precision (1,2,3). Heavy-atom perturbers, added materials, and type of 
substrate offer added selectivity and sensitivity but also cause shifts 
in spectral intensity and distribution leading to poor accuracy (1,2,3). 
In this thesis the methods of internal standard and standard addition 
are demonstrated to improve precision for RTP on a paper substrate, 
using a manual preparation from 10-20 percent to 1-3 percent relative 
standard deviation. Accuracy is improved to better than 8 percent from 
over 100 percent error. The spectral distribution and intensity of the 
analyte and internal standard are calculated using factor analysis (6). 
Investigations into the theoretical and practical aspects of 
quantitative RTP are central to this thesis. The effects of sample 
preparation procedure and of complex sample matrices on analytical 
measurements of compounds that exhibit room-temperature phosphorescence 
when adsorbed on a substrate are emphasized, because the ultimate 
purpose of this study was to develop quantitative analytical methods 
using RTP. Further insight into the fundamental processes of 
room-temperature phosphorescence of adsorbed organic molecules (RTPAOM) 
and the instrumental parameters affecting the analytical usefulness of 
the method are presented. Additionally, the mathematical methods 
required to determine the concentration of the analyte are discussed. 
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In chapter 2, a review of the literature pertinent to quantitative 
analysis by RTP is considered. Background is provided for the 
evaluation of the method. A short introduction is provided to 
traditional luminescence methods of analysis, including the advantages 
and disadvantages of phosphorescence at liquid nitrogen temperatures. 
In the final section of chapter 2 there is a review of previous 
quantitative analysis studies using RTP of adsorbed organic molecules. 
Quantitative analysis of real samples has in the past relied on 
complicated and time-consuming preparation and pre-separation methods to 
reduce errors. Four studies describing quantitative results from RTP 
have been reported (7-10). Wandruszka and Hurtubise determined the 
weight of p-aminobenzoic acid in vitamin tablets by extracting twenty 
crushed tablets for 1 hour with ethanol (7). Vo-Dinh, Gamraage, and 
Martinez analyzed polynuclear aromatics from a workplace particulate 
sample extracted from a XAD-2 resin and separated using liquid 
chromatography (8). Vo-Dinh and Martinez determined the concentration 
of polynuclear aromatics in a raw solvent-refined coal sample. Errors 
for this work exceeded 100 percent for some components when compared to 
results from the National Bureau of Standards using LC/MS (9,10). The 
use of an internal standard to improve the precision has been reported 
by Goeringer and Pardue (11). 
A discussion of the theoretical aspects of quantitative RTP is 
presented in chapter 3. The effects of phosphorescence kinetics, light 
scattering, sample thickness, and non-uniform sample distribution are 
explored. Although these topics are discussed with respect to 
quantitative luminescence measurements in the literature (12), the 
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mathematical treatment has been limited with respect to the description 
of r e a l i s t i c analytical systems. Original arguments concerning these 
effects are introduced along with resul ts presented elsewhere in the 
l i t e r a t u r e . Chapter 3 includes an exact treatment of the kinetics of 
phosphorescence demons treating the non-linear effeot of excitation l ight 
intensi ty on qualitative analytical measurements and i t s effect on 
quanti tat ive measurements. The effeot of the nature of the sample 
substrate on quantitative analysis i s also discussed. The use of a 
paper substrate influences the analytical measurement through the 
scat tering of l ight and o p t i c a l thickness of the sample. Non-uniform 
sample distr ibution caused by a chromatography-type effect also 
influences the quantitative measurements. 
The development of a microcomputer-controlled spectrophosphorimeter 
i s described in chapter 4. This instrument exploits the fundamental 
advantages of RTP (1,2,3) and does not introduce any ar t i fac ts that 
limit the quali ty of quanti tat ive information obtained from the system. 
The overall requirements for a spectrophosphorimeter are presented, and 
the design of the instrument is discussed in de ta i l . The requirements 
placed on each component i n the system in order to achieve re l iab le 
qual i ta t ive and quantitative analysis using RTP are explained. The 
spectrophosphorimeter described combines a high level of automation for 
data collect ion with powerful data reduction capabi l i t ies . 
Sophisticated monochromator controllers were developed to allow the 
collection of experimental data automatically after the sample has been 
loaded into the sample chamber. A master microprocessor system controls 
data collection using BASIC C and assembly language routines. Interaction 
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between the master microprocessor and the operator during data 
collection and analysis is through a number of I/O devices. 
The mathematical and chemical considerations for quantitative RTP 
ar»e discussed in chapter 5. Normally, room-temperature phosphorescence 
suffers from large relative standard deviations, and the shifts in 
spectral intensity and distribution limit the accuracy. The development 
of mathematical methods to solve these problems are conceptually simple 
but are rather difficult to apply in practice. This chapter discusses 
the application of luminescence enumeration methods to quantitative 
analysis of analytes in complex sample matrices. The use of both 
standard addition and internal standard techniques are shown to be 
necessary for increased aocuracy and precision. The use of standard 
addition or a combination of standard addition and internal standard 
methods with phosphorescence has not been reported prior to this work. 
Because of shifts in spectral distribution and intensity, the methods 
discussed allow the calculation of the excitation-emission distributions 
of the analyte of interest and the spectral stripping of the analyte and 
internal standard. The spectrally-stripped intensities are used to 
calculate the concentration of the analyte in the sample. 
Specific examples of quantitative RTP with real sample matrices are 
presented in chapter 6. The most important test of any analytical 
method of analysis is whether it can provide reliable results. When 
developing a new analytical method it is important to demonstrate the 
capabilities and test the limitations of the method. The use of various 
complex sample types in this thesis is employed to this end. The data 
presented demonstrate successful application of RTP to quantitative 
6 
measurement of selected analytes in complex sample matrices. 
The use of an internal standard improved the precision of 
measurements by a factor of ten, from about 10-20 percent to 
1-3 percent. A two-point standard addition technique improved the 
accuracy from errors of over 100 percent to under 8 percent. The 
analytes determined include pharmaceuticals In body fluids and in 
pharmaceutical preparations. Salicylic acid was determined in blood 
serum at levels from normal to less than normal of the therapeutic 
range. All of these determinations were carried out without 
pre-separations. 
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CHAPTER 2 
Review of Luminescence, Phosphorescence, Room-temperature 
Phosphorescence 
This chapter w i l l present a brief introduction to luminescence, 
followed by a review of the relevant l i t e r a tu re , to place the work done 
for th i s thesis in i t s proper h is tor ical perspective. 
2.1 Luminescence. 
Lurainescenoe can be categorized in three different ways: by how the 
excited state is produced, the chemical nature of the compounds (organic 
or inorganic), and the spin change of the t rans i t ion . The excited s tate 
required for luminescence can be produced by a number of processes 
including: light i r rad ia t ion , nuclear i r radiat ion, and chemical 
reactions (13). 
The division of luminescence into organic and inorganic i s 
fundamental in nature , because the luminescence of most inorganic solids 
involves raetastable or t rap s ta tes from which thermal activation is 
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required (14). This leads to phosphorescence that is strongly 
temperature dependent. 
There are three types of organic luminescence: (a) fluorescence, (b) 
phosphorescence, and (c) delayed fluorescence, depending on the spin 
change during emission. Normally the ground state is a singlet (spin=0) 
and excited states may be either a singlet or triplet (spin=1) state. 
Because of the rapid nonradiative relaxation of higher electronic states 
to the first excited singlet state and the first triplet state, emission 
generally occurs from these two states only. Absorption of light to 
produce the triplet state directly is highly forbidden and occurs only 
weakly, if at all. The triplet state is normally produced by 
intersystera crossing from the first excited singlet state. Light 
emitted as a result of transitions between singlet states or between 
triplet states is refered to as fluorescence. Because fluorescence 
involves no spin change, it is an allowed transition and has a lifetime 
between one nanosecond and one microsecond. Light emitted during 
transitions between triplet states and singlet states is 
phosphorescence. Phosphorescence involves a spin change of one and, 
therefore, is a forbidden transition. Typical lifetimes are between one 
hundred microseconds and ten seconds. 
Reactivation of the first triplet state to produce the first excited 
singlet state is possible and produces delayed fluorescence. Delayed 
fluorescence has the same emission spectrum as normal fluorescence but 
lifetimes are comparable with phosphorescence. Delayed fluorescence can 
be produced by thermal activation (Type-E) or triplet-triplet 
annihilation (Type-P) (15). 
9 
2.2 Luminescence Methods of Analysis. 
Luminescence methods of analysis for organic compounds have 
developed relatively recently. The first review in analytical chemistry 
on fluorescence analysis appeared in 1939 (16), and only briefly 
mentions qualitative organic analysis. The "second review, which 
appeared in 1949 (17), lists a number of fluorescence methods for 
organic compounds. White, who wrote both reviews, later indicated that 
fluorescence analysis of organic compounds can be considered to have 
been developed about 1945 (18). 
2.3 Phosphorescence at Liquid Nitrogen Temperatures. 
The use of phosphorescence as a method of analysis was proposed in 
1944 by Lewis and Kasha (19). It was not until 1957 that the analytical 
utility of phosphorescence was established by Keirs, et al. (20). In 
the 1960's and 1970's a large number of articles were published on the 
instrumental, qualitative, and quantitative aspects of phosphorescence 
analysis of rigid matrices. Phosphorescence methods of analysis for 
organic compounds suffered from the need for liquid nitrogen 
temperatures, the use of organic solvents, and the need for elaborate 
sample preparations. Problems inherent with the use of liquid nitrogen 
temperature matrices include optical problems due to snowing and 
cracking, solubility limitations, and nonuniform!ties in the 
microenvironment (21). The use of liquid nitrogen creates major 
problems in handling, storage, and use. Sample preparation often 
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requires complex degassing procedures. These disadvantages have 
prevented the general application of phosphorescence in analytical 
measurements. 
2.4 Room-temperature Phosphorescence of Organic Molecules. 
Room-temperature phosphorescence of organic molecules is not a 
recent discovery. In the 18th century Beochari noted that his hand 
glowed in the dark after being exposed to the sun C13). Stubel in 1911 
again noted the luminescence of skin 0 3 ) . Hoshijima reported the 
luminescence of cartilage, nails, and tendons C22). In 1937 Giese and 
Leighton reported the luminescence of finger nails, birds' beaks, and 
horns (23). The horn samples glowed for 25 seconds after irradiation 
with light (23). The observation of phosphorescence in these examples 
was due to the presence of the aromatic amino acids in proteins. 
Others have reported the RTP of organic molecules in glasses, fluid 
dimethyl mercury (24), and polymers (25). The collisional deactivation 
of the triplet state at room temperature normally results in the absence 
of phosphorescence. Other deactivation processes include quenching by 
oxygen and other species in solution. Thus, observation of room 
temperature phosphorescence of organic molecules normally requires the 
exclusion of quenchers and the use of a rigid medium. 
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2.5 Room-temperature Phosphorescence of Adsorbed Organic Molecules. 
Since 1972 RTPAOM has been the subject of numerous a r t i c l e s (4, 5, 
7-11, 26-52), four reviews ( 1 , 2 , 3 ) , and part of a book (12). 
Recently Lloyd reported t h a t room-temperature phosphorescence of 
adsorbed organic molecules has been discovered at least four times (50). 
He noted that in 1944 Millson reported room-temperature phosphorescence 
tha t can be attributed to adsorption of organic molecules (53). This 
work was not widely recognized xantil 1954 (53). In 1958 Brown reported 
room-temperature phosphorescence of a s ingle compound (54). This report 
was followed by those of Roth in 1967 (55) and Schulraan and 
Walling (4 ,5) . The papers b y Brown and Millson have often been 
overlooked, perhaps because t h e papers ' abstracts do not d i rect ly 
mention RTPAOM. On the other hand , the content of Roth's paper i s clear 
from both the abstract and the t i t l e . 
Millson reported the room-temperature phosphorescence and 
fluorescence of twenty-eight natural and man made fibers in 1944 (53). 
Phosphorescence emission lasted from 5.5 seconds to 27.5 seconds for 
"bone dry" samples. It appeal's that the luminescence observed was due 
to contaminates adsorbed on the surface of the f ibers . Millson noted a 
number of interesting e f f e c t s . Damp or wet samples did not 
phosphoresce, while the more vigorously the sample was dried the 
br ighter and longer the phosphorescence. Bleached cotton phosphoresced 
for 17 seconds compared with 20 seconds for natural cotton and 
27.5, seconds for mercerized cotton (treated with caustic soda). In 
addit ion the amount of starch o n a fabric influenced the duration of 
12 
phosphorescence. A cotton sh i r t phosphoresced 30 seconds whereas the 
heavily starched cuffs emitted l ight for 6 minutes and 35 seconds. 
Millson noted that t h i s method allowed test ing of fabrics and garments 
without damaging the sample. 
Brown reported the "b r i l l i an t yellow phosphorescence" of 
2-mercaptonaphth-(2,3)-iminazole on a paper chromatograra in 1958 (54) . 
Unfortunately, Brown fai led to explain or expand on his work. 
In 1967, Roth reported the room-temperature phosphorescence of 18 
compounds out of 29 studied on paper and s i l i ca ge l . Some compounds 
Roth tested included 1-naphthol, 2-naphthol, and p-aminobenzoic acid. 
The most recent discovery of room-temperature phosphorescence of 
adsorbed organic molecules was by Schulman and Walling in 1972 ( 4 , 5 ) . 
They reported the phosphorescence of 21 compounds adsorbed on various 
substrates including s i l i c a , alumina, paper, asbestos, and glass f ibers 
(phosphorescence on the l a t t e r was very weak). The compounds studied 
include aromatic carboxylio acids, aromatic sulfonic acids, dyes, and 
coproporphyrin I I I . Samples were disolved in 1M NaOH at concentrations 
between 3 and 5 millimolar and dried on the subst ra te . Differences 
between the excitation and emission spectra for the disodiura amd 
monosodium salts of 2-naphthol-6-sulfonate at room-temperature and the 
excitation and emission spectra of sodium naphthalate and eosine-Y at 
77 K and 298 K were also noted. Eosine-Y, auramine-O, and ethyl v io le t 
also exibited E-type delayed fluorescence as well as phosphorescence a t 
room-temperature. 
Schulman and Walling (4,5), and studies immediately following t h e i r 
work, indicated that only the sodium, potassium, and ammonium sal ts of 
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aromatic carboxylic acids, aromatic sulfonic ac ids , and some dyes, 
emitted phosphorescence at room temperatures (1 ,2 ,3 ) . In more recent 
work Vo-Dinh, et a l . indicated that some aromatic hydrocarbons (e .g . 
phenanthrene, pyrene) phosphoresced at room temperature when adsorbed on 
f i l t e r paper treated with AgNO (49). 
Typical sample substrates include filter paper, sodium ace ta te , 
s i l i c a ge l , and alumina (1) . Other substrates studied include sucrose, 
starch (47), and poly(vinyl)pyrole (50). The presence of ionic s i t e s , 
polar groups, or electron pairs on the substrate appear to be required 
for molecular r i g id i ty . RTP appears to be dependent in part on the 
degree of overlap between the active sites on the molecule and the 
act ive s i t e s on the substrate and the energy of interaction. This 
in terac t ion holds the molecule r i g id , limiting c o l l i s i o n a l deactivation. 
Sample preparation generally includes the u s e of polar solvents , 
high pH, and complete dryness. Polar solvents and pH conditions may 
combine to activate the molecules and substrates - The use of NaOH or 
KOH to produce high pH conditions may act, after drying to exclude 
oxygen from the area near the adsorption site, by forming a rigid matrix 
surrounding the molecule. 
2.6 The Effeot of Sample Environment. 
This leads to the broader question of the effect of the sample 
environment on RTPAOM. I t i s apparent t h a t a l a rge number of 
environmental factors affect the intensity and lifetimes of 
room-temperature phosphorescence of adsorbed organic molecules, 
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including: (a) heavy-atoms (type and concentration), (b) pH of the 
sample matrix, (c) substrate, (d) modifications to the substrate, 
(e) added materials, and (f) the effect of conditions used to prepare 
the sample and measure the sample emission. The effect of these 
environmental factors will vary with each molecule. 
2.6.1 Heavy-atoms. 
The internal heavy-atom effect on luminescence was first observed by 
McClure (25). Kasha later noted the external heavy-atom effect (56). 
Heavy-atoms either in the environment or as 3ubstituents greatly 
increase the rate of spin forbidden processes. The heavy-atom effect 
depends on spin orbital coupling. The proposed interactions that lead 
to this effect, include: charge transfers, exchange interactions, and 
exciplex formation. Heavy-atoms- generally increase the rate of 
intersystera crossing and increase the rate at which triplets decay to 
the singlet state. Thus heavy-atoms normally (a) decrease the 
fluorescence quantum yield, (b) increase the triplet state yield, 
(c) decrease the triplet lifetime, and (d) increase the phosphorescence 
quantum yield (15). 
Use of the heavy-atom effect with compounds that exhibit RTP was 
first noted by Seybold and White (28). Using 1M sodium iodide they 
noted a decrease in the fluorescence intensity and an increase in the 
phosphorescence intensity by a factor of forty with 2-naphthalene 
sulfonate. They also reported the effect with six other compounds in 1M 
sodium iodide. 
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Vo-Dinh, Yen, and Winefordner expanded on the work of Seybold and 
White, using compounds of biological and pharmaceutical in teres t (29). 
They noted that the absolute l imi t s of detection improved by over a 
factor of ten for some compounds in 1M sodium iodide. The absolute 
l imi t of detection for L-(-)-tryptophan decreased from 6.1 ng to 
0.15 ng. They also noted tha t the absolute l imi t of detection for 
p-aminobenzoic acid was 0.015 ng when disolved in _  1M sodium hydroxide 
and 1M sodium iodide. The l inear i ty improved s l igh t ly due to the lower 
l imi ts for detection. 
Vo-Dinh, Yen, and Winefordner l a t e r used AgNO_, and Nal as 
heavy-atom perturbers to obtain the f i r s t RTP from non-ionic 
compounds (49) . Nal only induced weak phosphorescence in pyrene, but 
AgNOg increased phosphorescence emission by several orders of magnitude. 
The opposite effect was noted in carbazole, 1M sodium iodide produced a 
measureable phosphorescence, whereas s i lve r n i t ra te did not. 
Jakovijevic studied the effect of different heavy-atoms on the 
phosphorescence emission intensi ty of cinoxacin dissolved in methanol 
spotted on f i l t e r paper (3D. Cinoxacin i s a cinnoline derivative and 
potent an t i -bac te r ia l agent . Jakovijevic obtained different 
phosphorescence emission in tensi t ies for different heavy-atoms and even 
different sa l t s of the same heavy-atom. The sa l t s studied 
include (RI=Relative In tens i ty ) : t ha l l i c acetate (RI=50), thallous 
acetate (RI=90), thal lous sulfa te (RI=1), lead te t raaceta te (RI=100), 
and silver acetate (RI=10). He noted that cinoxacin could be 
quantitated at levels as low as 50 pg of t o t a l sample using lead 
te t raaceta te or thallous acetate as heavy-atom perturbers. 
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White and Seybold recently expanded on their earlier observations of 
the heavy-atom effect on the room-temperature phosphorescence of 
adsorbed organic molecules (46). Using data collected for 2-naphthalene 
sulfonate and several heavy-atoms, they tested the Stern-Volmer equation 
and the Perrin "quenching sphere" model. They noted that the 
fluorescence emission intensity decreased and the phosphorescence 
emission intensity increased with increasing concentrations of 
heavy-atoms. They interpreted the Stern-Volmer equation for static 
quenching: 
F0/F=1+K*[Q] (1) 
where: 
F0=experimental fluorescence intensity with 
no quencher present 
F=fluorescence intensity 
K=formation constant for queneher-fluorophore 
complex 
[Q]=quencher concentration 
White and Seybold were unable to fit their data to the Stern-Volmer 
static quenching model so they attempted to use the Perrin "quenching 
sphere" model: 
F=F0*exp(-V»[Q]) (2) 
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where: 
V=molar quenching volume 
This model assumes that complete quenching occurs for a fluorophore that 
i s within the active sphere of the quencher, outside this sphere no 
quenching occurs. White and Seybold found that their data d i d not f i t 
t h i s model e i the r . They noted tha t , unlike the model, the quenching 
approches a l imi t . Thus, they proposed a modified P e r r i n model 
containing a term to account for the residual fraction of f luorescence 
that remains unquenched even at high concentrations of the quencher! 
F/F0=(1-B)*exp(-V*[Q])+B (3) 
where: 
B=fraction of the fluorescence not quenched 
even at high quencher concentrat ions. 
With th i s model they were able to f i t t he i r data to within experimental 
e r ro r . 
Using the modified Perrin "quenching sphere" model, they obtained a 
quenching radius of 14 fl for iodide, compared to a radius of 2.2 1 for 
the ion. White and Seybold did not match the system they s t u d i e d with a 
r e a l i s t i c model. They failed to take in to account the differences i n 
concentration and structure between the solution on w h i o h their 
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calculations are based and the dried sample. This changes the model, 
effecting the calculated quenching radius. 
In a paper by Meyers and Seybold this work i s expanded to 
L-tryptophan, L-tryosine, the i r methyl es ters , a tryptophan-tryosine 
dipeptide, and indole in solution and adsorbed on f i l t e r paper (37). 
The quenching volumes tend t o reflect expected t rends . Indole in 
solution i s quenched more easily by sodium iodide than L-tryptophan 
which is more easily quenched than the L-tryptophan-methyl es te r . The 
data collected was for fluorescence in solution for t h i s study was f i t 
to the Stern-Volmer equation, and quenching volumes were calculated. 
Vo-Dinh and Hooyman recently reported the use of select ive external 
heavy-atom perturbation in room-temperature phosphorescence of adsorbed 
organic molecules for the analysis of polynuclear aromatic analytes in 
synthet ic mixtures (38) . This method re l ies on the se lect ive nature of 
heavy-atom perturbers for part icular polynuclear aromatics. For 
example, 1,2,3,4-dibenzathracene is enhanced for a factor of 150 by 
AgNO- and 130 by Nal, while dibenzocarbazole i s not enhanced by 
AgNOg but enhanced by a factor of 400 by Nal. Vo-Dinh and Hooyman used 
selected heavy-atoms, excitat ion, and emission wavelengths to obtain 
cal ibrat ion curves for each compound in a seven compound mixture. This 
method has since been used to analyze polynuclear aromatics in a 
workplace part iculate sample ( 8 ) , and in a raw solvent-refined coal 
sample (9,10). 
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2.6.2 Effeot of pH. 
The pH has an important effect on the molecular environment of 
molecules that exhibit room-temperature phosphorescence (32,35,36). 
Reasons for the observed effects are not yet c lear . The phosphorescence 
emission intensi ty and half- l ives normally have plateaus extending for a 
few pH units ei ther side of the optimal pH emission in t ens i ty , and 
half- l ives rapidly decrease on ei ther side of th is plateau. Different 
compounds have different optimal pH values. Different concentrations of 
the same compound may have s l ight ly different optimal values. This 
effect may indicate that as the pH increases the molecules are f i r s t 
act ivated, and at higher pH values the hydroxide ions and high 
concentrations of other ions may act to block adsorption of the molecule 
on the substra te . 
2.6.3 Effect of Substrates. 
The substrate can affect the in tens i ty and half-l ives of RTPAOM. I t 
i s apparent that substrates oan be selective for compounds of similar 
type (32,34), and that some compounds only phosphoresce on certain 
substrates (32,40,48). These effects appear to depend on the geometry 
of the active s i t e , on both the substrate and the adsorbed molecule, as 
well as the energy of interact ion between the molecule and the 
subs t ra te . Some compound-substrate systems have better active s i te 
overlap and energies of in terac t ion , and thus exhibit room-temperature 
phosphorescence, while other compounds that interact poorly with the 
substrate do not exhibit room-temperature phosphorescence. 
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Niday and Seybold (35) noted the effect of the substrate on the 
measured half-life of 2-naphthalene sulfonate. They reported the 
following half-lives: 1.7 seconds in EPA (5/5/2 diethyl ether/ 
isopentane/ ethyl alcohol) at 77 K, 135 milliseconds on Whatman 42 
filter paper, 120 milliseconds on Whatman 1 filter paper, 
305 milliseconds on alumina, and 331 milliseconds on silica gel. 
Simple modifications to the surface have been studied. For example, 
the silanization of Whatman 1 filter paper with neat 
dimethyldichlorosilane decreased the room-temperature phosphorescence 
emission of 1-naphthoate adsorbed on filter paper's surface by a factor 
of ten compared to unsilanized paper (47). 
2.6.4 Effect of Added Materials. 
The effect of added materials on the first observable half-life of 
2-naphthalene sulfonate on filter paper was studied by Niday and 
Seybold (35). Because the decay processes "were not in general 
exponential", they measured the first observable half-life, defined as 
the time required for the phosphorescence emission intensity to decrease 
to one half of the original emission intensity. They reported the 
following half-lives on Whatman 42 filter paper for solutions 1 M in 
NaOH and 0.5 M in the added materials: 135 msec for Whatman 42 filter 
paper with NaOH only, 212 msec with NaOH and NaF, 272 msec for CaC12, 
506 msec for glucose, and 587 msec for sucrose. These added materials 
appear to stabilize the adsorbed organic molecules by helping to hold 
the molecule more rigidly and by blocking the diffusion of oxygen In the 
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sample. The OH groups on the glucose and sucrose may hydrogen bond with 
the adsorbed molecule to produce this added stability. The mechanism 
for compounds other than glucose and sucrose may be more complex. 
2.7 Effect of Sample Preparation and Measurement Conditions. 
The conditions used to prepare and measure the phosphorescence of 
compounds that exhibit room-temperature phosphorescence can greatly 
effect the intensity of the phosphorescence. Authors have noted the 
need for complete dryness (4,5) from the beginning. Since that time, 
three studies have been reported considering the effects of drying 
method, gas composition surrounding the sample during drying, and 
measurement, relative humidity, or a combination of the 
three (30,42,47). The data collected in these studies indicate a number 
of important trends. Flrs-t, the relative humidity of the sample 
environment should be less than 5 per cent. Second, the use of inert 
gases greatly increases the intensity of the room-temperature 
phosphorescence compared to oxygen or air for sample preparation or 
measurement. Finally, the amount of predrying under a heat lamp before 
drying the sample under flowing gas can affect the intensity of 
room-temperature phosphorescence. A synergistic effect has also been 
noted for oxygen quenching with increasing relative humidity. 
Automation of sample preparation greatly improves the reproducibility of 
sample measurement from 5 to 15 percent, with manual methods, to 
2-5 percent. 
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2.8 Infrared Studies of the Molecule Substrate Interact ion. 
Wandruszka and Hurtubise (32) carried out the only infrared study of 
RTPAOM. They studied molecules adsorbed on a sodium acetate substrate. 
Samples were pressed into KBr pe l l e t s . Spectra were then measured using 
a grating infrared spectrophotometer. They noted that the N-H 
stretching bands of p-aminobenzoic acid at 3350-3450 cm-1 disappeared 
when adsorbed on sodium acetate . They assume that the bands shift and 
broaden as a result of hydrogen bonding between the amino group in 
p-aminobenzoic acid and the carboxyl groups on the surface of the sodium 
acetate substrate. The N-H stretching bands for o-arainobenzoic acid did 
not disappear when adsorbed on sodium acetate . p-Aminobenzoic acid 
exhibits RTP on sodium acetate, where as o-aminobenzoic acid does only 
weakly. They noted the same type of behavior with p-hydroxybenzoic acid 
which does not exhibit RTP. 
2.9 Micelle Stabilized Room-temperature Phosphorescence. 
In 1977, the f i r s t reports of micelle stabil ized room-temperature 
phosphorescence (MS-RTP) in solution appeared (57-59). The analytical 
capabi l i t ies of the method have since been demonstrated (60-63). 
Reported phosphorescence lifetimes vary from 11.4yuseo (57) to 
20 msec (58), most reported lifetimes are less than 1 msec (57-63). 
These short lifetimes l imit the ease with which the long-lived nature of 
the phosphorescence emission intensity can be used. Most measurements 
are carried out in a fluorescence instrumental mode, thus, fluorescence 
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and scattered light are a problem (60-63). MS-RTP requires about 
1 hour (60) to prepare each sample compared to 10 minutes for RTPAOM. 
Because oxygen must be completely purged, about 30 minutes is required 
to degas the solution with high purity nitrogen. In addition, because 
of the high concentration of the surfactant, foaming is a problem during 
the purge stage. 
2.10 Analysis using Phosphorescence. 
The analysis of compounds that exhibit phosphorescence have in the 
past relied on the manipulation of excitation and emission wavelengths, 
and the long-lived nature of the luminescence process. The use of 
different wavelength and time resolution methods can be combined to 
provide a highly sensitive and selective method of analysis. Wavelength 
selection methods include: use of fixed excitation and emission 
wavelengths, excitation (emission) scans at fixed emission (excitation) 
wavelegths, excitation-emission matrices (64-67), and syncronous 
scans (33,68-71). The two methods that depend on the luminescence 
lifetimes are time resolution (72) and frequency or phase 
resolution(73). 
2.11 Analytical Room-temperature Phosphorescence of Adsorbed Organic 
Molecules. 
Active research into the analytical usefulness of RTPAOM centers 
around four areas: identifying the compounds that exhibit RTP, 
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instrumental development for measurements, techniques to improve 
analyt ica l r esu l t s , and analysis of real samples. Most of the work to 
date has been to establish which compounds exhibit RTP. 
The compound classes that exhibit RTP include: aromatic acids, 
heterocycles, and polynuclear aromatics. Of specific in teres t are 
pharmaceuticals, carcinogens, and pest ic ides . Some compounds are more 
easi ly determined using RTPAOM (and at lower concentrations) than has 
been possible with other methods. For example, p-aminohippuric acid 
excretion is used as an important indicator of tubular renal 
function (74). I t i s not created by the body, and i s f i l te red from the 
blood stream by the kidneys in a single pass. Thus, i t can be used to 
determine renal blood flow and the contact between the tubules and the 
blood system. Determination of p-aminohippuric acid normally requires a 
bio-assay of i t s concentration in the urine. Therefore, th i s t e s t is 
normally used only in research (74). p-Aminohippuric acid has a very 
strong phosphorescence at room-temperature when absorbed on sodium 
acetate (32). 
Two in teres t ing instrumental procedures have been developed to 
improve procedures used to collect data for RTPAOM. The f i r s t is a 
continuous sampling system used to prepare the sample and measure the 
phosphorescence automatically, after the sample has been spotted on the 
f i l t e r paper (30,43). This technique developed by Winefordner improved 
re la t ive standard deviations from over 15 percent to 5 percent (30,43). 
The second instrumental development was the design of a packed, 
flow-through ce l l for measurement of RTPAOM (26). A 0.8 mm Inside 
diameter flow-through cell was dry-packed with a mixture of l in t scraped 
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from Whatman 541 f i l t e r paper and crushed Spectrosil quartz. The sample 
was disolved in methanol containing heavy-atoms and flowed into the 
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c e l l . The sample was then treated with dry diethyl ether unti l the 
phosphorescence emission s tab i l ized . This method ha3 been proposed as a 
useful l iquid chromatography deteotor. 
Several techniques have been applied to obtain useful analytical 
information using RTPAOM. These techniques are: the use of selective 
heavy-atom perturbers, synchronous wavelength scans, and the use of an 
in ternal standard. 
The use of selective heavy-atom perturbers is based on the selective 
behavior that molecules exhibit towards heavy-atoms (38). Different 
molecules are "selectively" affected by different heavy-atoms. 
Sychronous wavelength scans have been used to simplify 
excitation-emission spectral information collected using 
RTP (8-10,33,45,69). Synchronous luminescence, as conceived by Lloyd, 
involved the synchronous movement of the excitation and emission 
monochromators, such that the wavelength difference remains constant. 
This technique relies on the energy difference between the excited s t a te 
and the ground s ta te . The method of synchronous luminescence was 
suggested as a fingerprinting tool for complex mixtures of compounds. 
In 1979, Goeringer and Pardue used the method of internal standard 
with room-temperature phosphorescence (11). They used a pulsed Xenon 
lamp for a source, and an intensified target vidicon for the detector. 
Regression analysis was applied to the experimental data to calculate 
l i fe t imes , and to tes t the improvement in relat ive standard deviation 
possible with an internal standard. Without an internal standard, a 
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2.5 ug sample varied in intensi ty between samples from 6 to 19 percent. 
With an internal standard the precision improved to 2-4 percent, for 
samples containing 100 to 1000 ng. Data presented indicate that the 
l inear range for the compounds extends to less than 500 ng. The high 
cost of this instrument l imits i t s appl icabi l i ty . 
Three studies describing quantitative resul ts for RTPAOM have been 
reported(7-10). The samples include: vitamin table ts (7) , a workplace 
par t icula te sample (8), and a raw solvent-refined coal sample (9,10). 
The sample preparation methods were either complex (7,8,10), or resulted 
in large errors (9) . 
The f i r s t quantitative resul ts to be reported for RTPAOM were for 
p-aminobenzoic aoid (PABA) in multicomponent vitamin tablets (7) . Von 
Wandruszka and Hurtubise prepared a stock unknown solution of PABA by 
grinding 20 vitamin tablets with a mortar and pestle and then extracting 
with ethanol for 1 hour. The extract was f i l tered and diluted to 250 ml 
with ethanol. This solution was used for a l l of the PABA determinations 
in the i r paper. Samples were prepared by mixing the unknown (or 
standard) with ethanol and sodium acetate. The samples were placed in 
an oven and dried at 80 C un t i l the ethanol had evaporated. The dry 
sample was broken up with a small mortar and pest le . The RTP of the 
sample was then measured in a densitometer. The amount of PABA was 
correct ly determined to be 5.0 mg per t ab le t . The relat ive standard 
deviation was 2.5 percent for a series of ten determinations. 
The final studies Involved the analysis of a number of polynuclear 
aromatic hydrocarbons, using synchronous luminescence and selective 
heavy-atom perturbers (8,9,10). Vo-Dinh, Gamraage, and Martinez analyzed 
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a workplace air particulate sample (8). The sample was collected on a 
XAD-2 resin and extracted. The extract was separated using liquid 
chromatography to produce 7 fractions. Fraction 3 which was analyzed in 
this study was the "main" polynuclear aromatic hydrocarbon fraction, 
with sulfur heterocycles as the only non-polynuclear aromatic 
hydrocarbon species is this fraction. The concentrations of the PAH 
determined compare with data obtained with low-resolution mass 
spectrometry to within a factor of ten. 
In the final study Vo-Dinh, Gammage, and Martinez used synchronous 
luminescence and selective heavy-atom perturbers to determine the 
concentration of selected PAHs in a Synthoil (or coal liquefaction) 
product (9,10). Concentrations were measured for 10 PAHs. Relative 
standard deviations ranged from 10 to 30 percent for concentrations in 
the range from 0.1 to 6 mg/g. The results differed from concentrations 
obtained by the National Bureau of Standards, using liquid 
chromatography-mass spectrometry, by as much as 100 percent. 
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CHAPTER 3 
Theoretical Considerations in Quantitative Room-temperature 
Phos phorescence 
Various intra-molecular and environmental factors affect 
quantitative results using RTPAOM. An idealized sample is shown in 
Figure 1. After the exciting light enters the sample matrix, the light 
may scatter out of the sample, excite a molecule, or be absorbed by 
other species in the sample. The excited molecule may undergo a 
radiationless transition, or emit its energy as Luminescence. This 
luminescence may scatter out of the sample or be absorbed before it 
leaves the sample. The luminescence signal emitted by the sample matrix 
is dependent on: (a) the excitation light source, (b) the light 
absorption and scattering properties of the sample matrix, (c) the 
excitation/emission wavelength distribution of the luminescence 
molecule, (d) the luminescence kinetics of the phosphor, (e) the type of 
light absorbers in the sample, and (f) the concentration distribution of 
the analyte. These factors effect both qualitative and quantitative 
analyses for analytes using RTP. These factors are, in turn, each 
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Figure 1. Idealized Sample: Ca) Interaction of Excitation Light with 
Sample, (b) Excited Phosphors, and (c) Interaction of Emitted 
Phosphorescence with Sample 
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affected by several instrumental and sample parameters. Kinetics, for 
example, are affected by the presence of heavy atoms, molecular 
rigidity, and light intensity. The effect of these parameters on 
quantitative RTP are explored in this chapter. 
In the discussion that follows, a mathematical description of 
phosphors in highly scattering sample matrices is developed. The 
effects of various sample parameters are demonstrated. This chapter is 
divided into two main sections. The first section deals with the effect 
of the light absorption and scattering properties of the observed sample 
matrix on the observed phosphorescence signal. In this section several 
proposed models for RTP are discussed, and calculations are presented to 
demonstrate the models' effects on the observed signal. These models 
include: Ca) simple absorption of light in a scattering medium to 
produce phosphorescence, Cb) the effect of nonuniform concentration 
distribution, and Co) the effect of surface coverage. The final section 
of this chapter presents an exact derivation of the kinetics of 
phosphorescence. The effect of light intensity on the observed 
phosphorescence intensity is calculated for: (a) steady state 
phosphorescence, (b) pulsed source systems, and (c) chopped source 
systems. 
These two sections are treated separately. Molecular kinetics are 
assumed to have no effect on the intensity of phosphorescence in the 
studies of light absorption and scattering. In the kinetics section of 
this chapter, the photon flux is assumed to be constant throughout the 
sample. The theory is treated in this manner because of the complexity 
of the equations required for concurrent solutions to these problems. 
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3.1 Light Absorption and Scattering. 
The absorption and scattering nature of the substrates used in RTP 
can af fec t the intensi ty of the measured phosphorescence emission. This 
is demonstrated to be particularly true if the analyte has a non-uniform 
concentration d is t r ibut ion, or if the phosphorescent molecule requires 
adsorption on the subs t ra te . The theory of absorption and scattering 
within a scat ter ing media are referred to as l ight scattering theory. 
Light s ca t t e r ing theory can be divided into the two-flux or Kubelka-Munk 
theory (75,76), and the recently introduced six-flux theory (77,78). 
Kubelka-Munk theory i s often used to explain the reflectance and 
luminescence in tens i ty ar is ing from scattering media. Both theories 
normally assume that the incident l ight beam is highly diffuse. This i s 
generalXy true af ter the l ight has traveled a short distance Into the 
sample. Light-scattering can be divided into coherent (Fresnel) or 
incoherent (Rayleigh) scat ter ing. 
Throughout the f i r s t section, plots derived from theoretical 
calculations are presented. The absorption and scattering coefficients 
used approximate those found in the l i t e ra tu re for paper (79). The 
measured thickness of Whatman 1 f i l t e r paper i s approxmately 0.02 cm. 
The thicknesses for sodium acetate samples in the l i t e ra tu re are about 
0.50 om (7). 
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3.1.1 Kubelka-Munk Theory. 
Kubelka-Munk light-scattering theory assumes that the light 
traveling in an intensely light-scattering medium can be represented by 
two weighted light beams, as shown in Figure 2, "i" for light traveling 
away from the illuminated side and " j " for light toward the illuminated 
side. Kubelka-Munk equations are (75,76): 
di=-1/2*(S+K)*u*i*dx+1/2»S*v*j*dx (4) 
-dj=-1/2»(S+K)*v*j*dx+1/2«S*u*i*dx (5) 
where: 
S=coefficient of scatter 
K=coeffieient of absorption 
K=2.303»6*c 
£j=molar absorptivity 
c=concentration 
x=distanoe from the unilluminated side 
jslight flux traveling toward illuminated side 
i=light flux traveling away from illuminated side 
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Figure 2. Kubelka-Munk/Two-Flux Diagram 
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# =angle from normal of the light 
di and dj show different signs, due to the fact that i Is moving away 
from x=0 and j is moving toward x=0. x=0 corresponds to the illuminated 
side of the specimen. For perfectly diffuse light, u and v equal 2, and 
equations 4 and 5 become (75,76): 
di=-(S+K)*i»dx+S*j*dx (6) 
-dj=-(S+K)»j»dx+S*i*dx (7) 
The Kubelka-Munk theory has been found inadequate to explain 
fluorescence measurements with media exhibiting strong light 
absorption (77,78). The calculated luminescence is higher than the 
experimental luminescence. This limitation has lead to the application 
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of the recently developed six-flux theory to luminescence 
mater ia ls (78). 
3.1.2 Six-flux Theory. 
The six-flux l i g i i t scat ter ing theory was f i r s t applied to derive 
equations for diffuse ref lect ion by Emslie and Avonson (77). Pike 
extended the six-flux theory to diffuse reflectance, and fluorescence of 
mixed powder samples of various "shades of gray" with inf in i te 
thickness (78). He experimentally demonstrated that his equations are 
superior to the Kubelka-Munk luminescence equations. RTP on f i l t e r 
paper requires application of different boundary conditions, since the 
sample thickness i s opt ical ly f i n i t e . The derivation that follows is 
generally that of Al len (80) , for optically thin samples using the 
Kubelka-Munk theory with adjustments made for the six-flux 
theory (77,78). Allen derived the Kubelka-Munk equations describing 
luminescence from o p t i c a l l y f in i t e samples. 
Emslie and Avonson represented the diffuse and collimated radiation 
a t any point in t he medium using six l ight beams (77). The flux 
dens i t i es of the beams towards and away from the source I and J and the 
fluxes in the transverse direct ions 1 ^ ^ ^
 I j p t ravel in the x, -x , 
y , - y , z, and -z d i rec t ions respectively as shown in Figure 3. Their 
r ad ia t ive transfer equat ions are : 
di /dx=- (K+Sfc+S) *l+S*J+( S t/4) * (I., +13+13+14) (8) 
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Figure 3. Six-flux Axes 
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-dJ /dx=-(K+S t + s )» j+s* l+(S t /4 )»( I 1 +I 2 +I 3 +I 4 ) C9) 
dI1 /dx=-(K+S f c+S)»I1+S»I2+(S t /4)*(I+J+I3+I4) (10) 
-dI 2 /dx=-(K+S t +S)»I 2 +S»I 1 +(S t /4)»( l+J+I 3 +l 4 ) (11) 
dI3 /dx=-(K+S f c+S)*I3+S»I4+(S t /4)*(I+J+I1+I2) (12) 
-dI4 /dx=-(K+S f c+S)*I4+S*I3+(S t /4)*(l+J+I1+I2) (13) 
For these equations Pike (78) described the bulk o p t i c a l p rope r t i e s of a 
small volume of the medium by the coe f f i c i en t s : 
K=S"*°i*Ki ( 1 2 ° 
it 
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SqZ.0 »S4 (15) 3=
^°i' 
v|:oi,sit (16) 
where: 
K=absorption coefficient 
K.=absorption coefficient for ith element 
Ki=2.303*6.*conc 
cone =concentration of ith element 
£\=molar absorptivity for the ith element 
S=backscattering coefficient 
S.=backscattering coefficient for the ith element 
S.=transverse scattering coefficient 
S =transverse scattering coefficient for the ith element 
Sfc=4»S 
c.=molar fraction of the ith element 
Assuming that the light beam striking the sample is infinitely wide and 
uniform, the transverse intensities should be equal and constant: 
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I1=I2=I3=I4=P/4 (17) 
where: 
P=sum of transverse fluxes 
PsI.j+12+Io+Ijl 
Since the transverse fluxes are constant, the change in the transverse 
fluxes are zero. Adding equations 10, 11, 12, And 13: 
P=4»Cl+J)*[St/(4#K+2»St)] (18) 
Substituting 18 into equations 8 and 9: 
dI/dx=-(K'+S')»T+S'*J (19) 
-dJ/dx=-(K'+S')*J+S'*I (20) 
where: 
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S'a(4»K»S+2»S»S.+S?)/(4»K+2«S.) (21) 
K'=K*(2»K+3«St)/(2»K+St) (22) 
where: 
S'=six-flux scattering coefficient 
K'=six-flux absorption coefficient 
The radiative transfer problem, therefore, reduces essentially to 
the two-beam problem with equations that are identical to the Kubelka 
and Munk equations. The absorption coefficient K' and the scatter 
coefficient S' are different. If Sfc equals zero, as in the Kubelka-Munk 
model, K' and S' reduce to K and S. Calculated values of K' and K 
obtained from program KPRIM for the case S.=/o are plotted in Figure 4. 
This behavior may explain why fluorescence for samples with high 
absorbances deviate from the Kubelka-Munk model. This deviation results 
from absorption of light along all three axes instead of only one. At 
low scattering powers or high absorptivities, K' tends to be equal to K. 
The form of equations 19 and 20 allows the application of Kubelka's 
solution for reflectance of a thin sample. Starting with the 
Kubelka-Munk differential equation for reflectance of light: 
K' 3 
Figure 4. K' vs. K for Several S Values 
-tr 
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dr /S 'dx=r 2 -2ar+1 (23) 
where: 
r=re f l ec tance a t any point in the sample 
r = J / I 
a = ( S ' + K ' ) / S ' ( re f . 81) 
a=(1 /R '+R ' ) /2 ( ref . 81) 
R '=ref lec tance for i n f in i t e sample th ickness 
R '=S ' / (S '+K '+(K '*(K '+2*S ' ) ) 1 / 2 ) Cref. 81) 
x=distance from illuminated side 
I n t e g r a t i n g , we o b t a i n : 
r=(Rl/R'-1)+(1-R:*R')»exp(b'#S'*2«X) (24) 
S 5 
(Rg_R')-(R^_1/R')*exp(b'*S'*2«X) 
where: 
H '=ref lec tance of backing 
b ' = ( a ' 2 - D 1 / 2 ( r e f * 8 1 ) 
b ' = ( 1 / R ' - R ' ) / 2 ( ref . 81) 
b ' = ( K ' 2 + 2 * K ' * S ' ) 1 / 2 / S ' ( ref . 81) 
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If R'=0 (i.e. no backing) 
r0=l/(a'+b'«coth(b'»S'»x)) (25) 
or 
,2i i'0=R'*Cexp(b'»S'«2*x)-1]/Cexp(b'«S'»2*x)-R'' ] (26) 
where: 
^reflectance with black backing 
Equations 25 and 26 give the ratio of I (light moving away from the 
source) and J (light moving toward the source) in the sample at any x. 
From equations 25 and r=J/I: 
J=I/[a'+b'»eoth(b'*S'»x)] (27) 
Substituting into equation 19 and integrating we obtain: 
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' I=VCa'»sinh(b'»S'»rx-x3)+b'»cosh(b'»S'»[X-x3)] (28) 
a'*sinh(b'«S'*X)+b'»cosh(b'*S'*X) 
where: 
IQ=intensity of I at x=0 
Xssample thickness 
From equations 25 and r=J/I: 
I=J*Ea'+b'*coth(b'*S'*x)] (29) 
Substituting into equation 20 and integrating: 
J=r0*I0*sinh(b'»S'*[X-x])/sinh(b'*S'*X) (30) 
From equation 26 and 30: 
J=I0*sinh(b'*S'*rX-x])/ra'*sinh(b'»S'*X)+b'*cosh(b'»S'*X)] (31) 
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The luminescence signal created at any point within the sample is equal 
to the sum of the excitation fluxes at that point times the phosphor's 
absorption coefficient and a proportionality factor: 
L(x)=C»Kp*(j+i+i1+i2+i3+ijt) (32) 
where: 
L(x)=phosphorescence emitted isotropically 
C=proportlonality factor including 
quantum efficiency and geometrical factors. 
K =phosphor absorption coefficent 
From equations 18 and 32, in term3 of I and J only: 
L(x)=C»Kp#(j+i)#([2«K+3*St]/[2«K+St]) (33) 
or 
L(x)=C*K'#(j+i) (34) 
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where: 
K'=phosphor six-flux absorption coefficient 
K
«=K„«([2«K+3*S. ]/[2»K+S.]) p p t t 
Substituting equations 28 and 31 into 34: 
L(x)=C*I0»K'»(1+a')*sinh(b'«S'*[X-x])+b'*cosh(b'«S'*rX-x]) (35) 
a'»sinh(b'*S'»X)+b'»cosh(b'«S'«X) 
or 
L(x)=C*I0«Kp»(1+R')*[exp(b'«S'*[2*X-x])-R'«exp(b'»S'*x)] (36) 
exp(b'*S'*2»X)-R'2 
The rate of change of the luminescence fluxes at any volume element in 
the sample are equal to the loss and gains due to the luminescence 
traveling through that point plus one sixth of the luminescence 
generated at that point, assuming Isotropic emission: 
dIl/dx=-(Kl+Slt+Sl)*Il+Sl»Jl+(Slt/4)*(Il1+Il2+Il3+Illt)+L(x)/n (37) 
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d J l / d x = - ( K l + S l t + S l ) » J l + S l » I l + ( S l t / 4 ) * ( I l 1 + I l 2 + I l 3 + I l t t ) + L ( x ) / n (38) 
d I 1 l / d x = - ( K l + S l f c + S l ) * I 1 l + S l * I 2 l + ( S l t / 4 ) » ( I l + J l + I l 3 + l l 4 ) + L ( x ) / n (39) 
where: 
K1 =absorption coef f i c i en t a t emission wavelength 
S^ssca t te r coe f f i c i en t at emission wavelength 
S ^ s t r a n s v e r s e s c a t t e r coef f i c ien t a t emission wavelength 
S l f c=4*S l 
n=number of f luxes 
n = 2
*
( S l + S l t > / s l 
Since the t r ansverse f luxes are equal and constant d i . . . / dy=0 . Solving 
equat ion 39 for I l 1 f s u b s t i t u t i n g in to equations 37 and 38 , and defining 
A: 
A=S ][/(2«S1+S l t) (40) 
We ob t a in : 
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dI1/dx=-(K£+S£)»I1+S{«J1+A*L(x) (41) 
-dJ1/dxs-(K£+S£)»J1+S£«I1+A«L(x) (42) 
where: 
^l=six-flux absorption coefficient at emission wavelength 
K1=KX*(2«K1+3«Slt)/(2*K1+St) 
s£=six-flux scattering coefficient at emission wavelength 
S{=(4*K]L »S1+2*S1«Slt+S2t) / (4«K1+2»Slt) 
Equations 41 and 42 are the Kubelka-Munk/six-flux equations with a 
source term (A*L(x)). Equations 41 and 42 may be solved by integration 
using Pike's method with different boundary conditions (78), or using 
Allen's reflectance/transmittance method (80). Allen's equation for the 
fraction of the luminescence generated in layer dx directed upward 
toward the source, corrected for division of the source terra L(x) by 
six, is: 
du=(1+R£b)»A*L(x)*dx (43) 
(1
"
Rlt*V 
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where: 
du=luminescence directed upward from layer dx 
R' sreflectance of luminescence from layer above dx 
R£t=R£*[exp(bl*Sl»2»x)-1]/[exp(bl*Sl*2*x)-Rl2l 
R lb= r e f , l e c t a n c e of% luminescence from layer below dx 
R:[bsR£«[exp(b£»S£»2«CX-x])-1]/[exp(b£»S:[»2»[X-xl)-R£2] 
Expanding 43: 
du=Cexp(b£#s£*2*CX-x])-R£]»[exp(b£*S£»2*x)-R£2]*A»L(x)«dx (44) 
(1-R£)*[exp(b£»s£»2*X)-R£2] 
A fraction of this flux reaches x=0. This fraction is equal to I a t 
xsX, we obtain from equation 28: 
T^=b£/Ca£«sinh(b£»S£»x)+b£*cosh(b£«S£»x) ] (45) 
where: 
T'=luminescence transmitted through the layer above dx 
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Since R '=a ' -b ' and 1/R'=a'+b': 
r=(1-R£2)»exp(b£»S£»x)/Cexp(b£«Sl'»2»x)-R£2] (46) 
If df' i s the portion of du which reaches the surface, then: 
d fu= Tu*d u ( 4 7 ) 
Combining equations 36, 44, 46, and 47: 
dr=A*exp(b'*S'»x)*(exp(b'«S'»2»(X-x))-R')* 
exp(b£*s£*x)*(exp(b£»S£*2*(X-x))-R£)»dx (48) 
A'=A»C*I0*K'»(1+R')»(1+R£) (49) 
— m m — m m * r I ! ! • • • • — —••!•••! • HI >••••-!••!• •• | 
[exp(b'*S'*2*X)-R'2]*[exp(b£»S£*2»X)-R£2] 
where: 
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A'sconstant 
It is normally assumed that S =S- and K'sK£ to simplify the final 
solution. The more general solution is for S'^-S' and K'=f* K', the 
integral is: 
-R£*exp(b'*S'*[2*X-x]+b£*s£*x) 
-R '«exp(b'*S '»x+b'*s:*[2*X-x]) 
+R'*R£*exp([b'»S'+b£*S£]*x)]*dx (50) 
Integrating: 
fy=A'*([-exp([b'«S'+b£*S£]»[2*X-x])/(b'»S'+b£»S£)] 
+[R£*exp(b'»S'«[2»X-x]+b£*S£*x)/(b'»S'-b£*S£)l 
-[R'»exp(b'*S'«x+b£»s£*C2»X-x])/(b'»S'-b£»S£)] 
+CR'«R£»exp([b'*S'+b£»S£]»x)/(b'«S'+b£»S£)]) (51) 
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Normally we Integrate through the entire luminescence layer, thus, x1=0 
and x2sX, then: 
fu=A'»[([exp([b'*S'+b£»S£]«X)+R'»R£]* 
[exp([b'«S'+b£»s£]*X)-1]/Cb'*S'+b£»s£]) 
-([R£*exp(b'«S'*X)+R'*exp(b£*S£»X)]« 
[exp(b'*S'»X)-exp(b£«s£»X)]/[b'»S'-b£»S£])1 (52) 
An equivalent expression can be derived for the transmitted 
luminescence. The equation equivalent to equation 43 can be derived for 
the luminescence generated in layer dx directed downward: 
dd=(1+R£t)»A»L(x)*dx (53) 
<1-Rlt*Rib> 
or 
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,2-dd = [exp(b£»s£»2»x)-R£]»[exp(b£»S£*2»tX-x])-R£'::]*A*L(x)*dx (54) 
(1-R£)*Cexp(b£*S£»2«X)-R£2] 
where: 
ddsluminescence directed downward 
Since: 
df^sT^dd (55) 
where: 
T^=b£/[a£»sinh(b£*s£»[X-xl)+b£»cosh(b£*S£*[X-x])] (56) 
or 
T<;=(1-R£2)*exp(b£#s£»CX-x])/[exp(b£»s£»2»[X-x])-R£2] (57) 
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where: 
T'sluminescence transmitted by layer below dx 
From equations 36, 54, 55, and 57: 
df^sA'*exp(b'*s'*x)*(exp(b'»S'«2«(X-x))-R')« 
Cexp(b£#s£«[X-x])»(exp(b£«S£»2»x)-R£)]»dx (58) 
where: 
^luminescence that exits the sample from the underside 
Equations 48 and 58 represent the rate of change of the reflected and 
transmitted luminescence with x. The excitation term and the constant 
A' are equivalent in each equation. This is expected since the 
distribution of the excitation light are the same in both oases. The 
form of the luminescence term will depend on the reflectance of the 
layers above and below the layer and the distance that the radiation 
must travel to leave the sample. Because of the symmetry of the 
problem, we would expect that, for the luminescence terms in equations 
48 and 58, x would be exchanged with X-x, as is the case. Expanding for 
S'T*S£ and K'^K£: 
, K 1 
^=A'»/[exp(b'»S'*[2*X-x]+b£*s£*[X+x]) 
-R£*exp(b'»S'*[2«X-x]+b£«s£»[X-x]) 
-R '»exp(b '»S '*x+b£»s£»[X+x]) 
+R'*R£»exp(b '*S'«x+b£»S£*[X-x])]»dx 
Integrating, we obtain the solution for any x1 and x2: 
fd=A'«(C(exp(b'«S'»[2*X-x]+b£*s£»[X+x]) 
-R'«R£#exp(b'*S'*x+b£«S£»[X-x])]/(b£»S£-b'»S') 
+CR£«exp(b'*S'*[2»X-x]+b£»S£»CX-x]) 
-R'*exp(b'»S'»x+b£#S£#[X+x])]/(b£»S£+b'»S'))/ 
1*1 
K1-
If x1s0 and x2=X, then: 
( 
^=A'»(exp(b'*S'*X+b£*s£2*X)-exp(b'»S'*X))»(1-R'»R£)/(b£*S£-b'»S') 
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+(exp(b'*S'«X+b£»S£#2*X)+exp(b'*S'«X))*(R£-R')/(b£*S£+b'*S') (61) 
Program L6FLUX calculates and plots the phosphorescence Intensity 
emitted from the sample divided by excitation light intensity vs. 
concentration using 51 to calculate the reflected luminescence, as shown 
in Figure 5a and 6a and equation 60 to calculate the transmitted 
luminescence as shown in Figure 5b and 6b. Each plot displays the 
phosphorescence intensity for several sample thicknesses. L6FLUX 
assumes that surface adsorption of the phosphor is not required for 
luminescence, and that ground state depopulation does not occur, and 
that the sample has a uniform concentration distribution. The 
scattering coefficient used to produce Figure 6 is twice as large as 
that used for Figure 5. The general form is the same in both figures, 
but the luminescence intensity in Figure 6 is lower than the intensity 
in Figure 5. This results because the excitation light scatters more 
easily back out of the sample and is not available to the phosphor. In 
all cases as would be expected the distribution of the reflected 
luminescence light is higher than the transmitted luminescence. This is 
a result of the greater excitation light intensity at the top surface of 
the sample. 
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Figure 5. Phosphorescence Intensity/Excitation Intensity vs. Relative 
Phosphor Concentration for Various Sample Thicknesses using Equations 51 
and 60 Calculated by Program L6FLUX, Ss100 cm"1, 
Ks10~ ^ concentration cm" , S =100 c m , and K =10 cm , (a) Reflected 
Phosphorescence, (b) Transmitted Phosphorescence 
59 
O 
d 
en 
X 
c 
c 
o 
u 
X 
LU 
\ 
(/) 
c 
(J 
c 
<D 
u 
en 
<D 
t_ 
O 
JZ 
Q. 
c/1 
O 
J C 
CL 
" 0 1 2 3 4 
Relat ive Phosphor Concentrat ion 
" 0 1 2 3 4 
Rela t ive Phosphor Concentration 
60 
Figure 6. Phosphorescence Intensity/Excitation Intensity vs. Relative 
Phosphor Concentration for Various Sample Thicknesses using Equations 51 
and 60" Calculated by Program L6FLUX, S=200cm"1, 
K=10" +concentration cm" , S.. =200 cm" , and K.=10 cm" , (a) Reflected 
Phosphorescence, (b) Transmitted Phosphorescence 
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3.1.3 Non-uniform Concentration Distribution. 
The effect of concentration distribution has been studied for 
fluorescence in the past using a simplified model by Pollack (82-86). 
Pollack's model assumes an infinitely thin layer of the fluorophor on 
the surface of the substrate or uniform distribution of the fluorophor. 
Pollack assumed that K s ^ and SsS^ In general this is not true because 
of differences in the excitation and emission wavelengths and variation 
of the absorption and scattering coefficients with wavelength. Pollack 
derived expressions for the reflected and transmitted luminescence at 
low concentrations. Pollack demonstrated under the conditions presented 
that transmitted luminescence was independent of the side that the 
fluorophor was on. Reflected luminescence was affected by the side on 
which the fluorophor is placed. The program L6FLUA uses equations 51 
and 60 to calculate the reflected and transmitted luminescence 
respectively for various thicknesses of the substrate and fractional 
thicknesses of the phosphor for constant amounts of the the phosphor. 
As the thickness of the layer increases the concentration within the 
layer decreases as shown in Figure 7. L6FLUA first expands the phosphor 
layer through the substrate from the illuminated side as shown in 
Figure 7a. The program then contracts the phosphor layer through the 
substrate toward the unilluminated side as shown in Figure 7b. L6FLUA 
calculates the luminescence intensity vs. the fractional distance and 
plots the result as shown in Figure 8, 9, and 10 for several sample 
thicknesses. Where K'=K£ and S'=S£ (Pollack's case), the reflected 
luminescence is non-symmetrical while the transmitted luminescence is 
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Figure 7. Diagram of Phosphor Distribution Relative Concentration vs. 
Fractional Thickness (f): (a) Expansion of Phosphor from Front Surface 
through Sample, (b) Contraction of Phosphor from Front Surface through 
Sample 
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Figure 8. Phosphorescence Intensity/Excitation Intensity vs. 
Fractional Thickness (f) as Calculated by Program L6FLUA: (a) Reflected 
Phosphorescence, (I) Result of Expansion through Substrate, (II) Result 
of Contraction through Substrate, (b) Transmitted Phosphorescence, 
(I) Result of Expansion through Substrate, (II) Result of Contraction 
through Substrate, S=100 om"1, Ks10"^ cm"1, S,=100 cm-1, K =10"5cm"1, 
Thickness=0.002 cm 
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Fractional Thickness (f) 
66 
Figure 9. Phosphorescence Intensity/Excitation Intensity vs. 
Fractional Thickness (f) as Calculated by Program L6FLUA: (a) Reflected 
Phosphorescence, (I) Result of Expansion through Substrate, (II) Result 
of Contraction through Substrate, (b) Transmitted Phosphorescence, 
(I) Result of Expansion through Substrate, (II) Result of Contraction 
through Substrate, S=100 cm-1, K=10-4 cm"1, S-=100 era"1, Kl=iO"5cm"1, 
Thickness=0.02 cm 
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Figure 10. Phosphorescence Intensity/Excitation Intensity vs . 
Fractional Thickness (f) as Calculated by Program L6FLUA: (a) Reflected 
Phosphorescence, (I) Result of Expansion through Substrate, (II) Result 
of Contraction through Substrate, (b) Transmitted Phosphorescence, 
(I) Result of Expansion through Substrate, (II) Result of Contraction 
through Substrate, Ss100 cm""1, Ks10~^ cm"1, S..=100 cm -1, K1=l0~^cm~1, 
Thicknesss0.2 cm 
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symmetrical. Thus, the results of Pollack are confirmed. However, in 
general scattering and absorption coeffients are a function of 
wavelength (81). For K'=K£ and S'=£ S£ as shown in Figure 11 the 
transmitted luminescence is not equivalent for layers on different sides 
of the substrate. This result is the be expected. It should also be 
noted that again the intensity of the reflected luminescence is always 
higher than the transmitted luminescence. 
Thus, non-uniform sample distribution may lead to some of the large 
/6RSDs in RTP, but they may also result from the non-uniformity (81) of 
the filter paper. 
3-1.4 Effeot of Surface Coverage. 
0 
In RTP, surface adsorption of the phosphor has been postulated as 
necessary before phosphorescence can occur (32). The Langmuir isotherm 
is one of the simplest models used to describe the adsorption of surface 
active species on surface sites. The Langmuir isotherm assumes: (a) no 
interaction between absorbed molecules (b) a homogeneous surface, and 
(c) the adsorbate forms a monolayer on the surface only (87). The 
Langmuir isotherm becomes non-linear when 10 percent of the adsorbent 
surface Is covered by the sample. 
,
1-<Nla«Va1V<1-*1V (62) 
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Figure 11. Phosphorescence Intensity/Excitation Intensity vs. 
Fractional Thickness (f) as Calculated by Program L6FLUA: (a) Reflected 
Phosphorescence, (I) Result of Expansion through Substrate, (II) Result 
of Contraction through Substrate, (b) Transmitted Phosphorescence, 
(I) Result of Expansion through Substrate, (II) Result of Contraction 
through Substrate, S=100 cm"1, KslO"1* cm"1, S =200 cm"1, K.-slO^cra"1, 
Thickness=2.0 cm 
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where: 
2 
N.=surface coverage by i (mol/cm ) 
o 
N. =saturation coverage of surface by i (mol/cm ) 
absolution bulk activity of i 
B.senergy parameter 
B1=exp(- 0°/(R»T)) 
G.sstandard Gibbs free energy of adsorption 
R^gas constant 
R=8.314 J mol"1 K"1 
Tstemperature 
As calculated by program LANG and plotted in Figure 12 the fractional 
surface coverage by species i depends on B± a nd the total concentration 
of species i in the sample. If two species, i and j are competitively 
adsorbed, the Langmuir isotherm becomes (87): 
Ni=(Nia*Bl»ai)/(1+Bl*al+Bj*aJ) (63) 
and 
Nj = (Nij*Bj*aj)/(1+Bi*ai+Bj*a:j) (64) 
Js-
Figure 12. Langmuir Isotherm Fractional Surface Coverage by Species i 
(NJ/NJ^) vs. Total Concentration of Species i Calculated for Various 
Bi 
Total Concentrat ion of Species i 
\ 
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where: 
o 
N.=surfaee coverage by j (mol/cm ) 
2 
N. =saturation coverage of surface by j (mol/cm ) 
absolution bulk activity of j 
B.senergy parameter 
this model can be applied along with the results of six-flux theory to 
explain the functionality of the phosphorescence signal vs. phosphor 
concentration. Since in RTP the surface sites are distributed 
through-out the substrate Ni or N i s can be converted to concentrations 
to simplify the calculation of phosphorescence intensities. 
Oj^s^/V (65) 
where: 
V=unlt volume 
Normally in RTP, we are interested in sample concentrations from 
zero to approximately ten percent of those required for surface 
coverage. With high surface adsorption coeffioents a large fraction of 
the phosphor becomes adsorbed on the surface. 
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Both the adsorbed and the free phosphor absorb l i g h t . However, i f 
the free phosphor is easily deactivated, only the adsorbed phosphor can 
emit phosphorescence. The to ta l surface adsorption concentration i s 
limited by the number of surface s i tes avai lable . Using this model and 
the resul ts for six-flux l ight scattering theory, L6FLUB calculates and 
plots the luminescence intensi ty divided by the excitation intensi ty vs . 
concentration of the phosphor for several sample thicknesses as shown in 
Figures 13, 14, 15, and 16. For large thickness and B values, the 
phosphoresence reaches a maximum when the to ta l concentration equals the 
to t a l number of surface s i t e s available. As B becomes la rger , th i s 
effect becomes more pronounced. This Is In agreement with experimental 
resul t s obtained by Hurtubise (32,88,89) and resul ts presented in 
chapter 6. 
Although i t i s not attempted here, th i s model may be extended to the 
Terakin or Frurakin isotherms (87). Also of i n t e r e s t , would be models 
that allow stacking of molecules on one another, deactivating the 
surface adsorbed molecules at the bottom of the s tack. 
3.1.5 Internal Standard. 
Equations 63 and 64 can be used along with equations 51 and 61 to 
calculate the intensi ty of two phosphors competing for surface s i t e s . 
This is the ease we encounter when using an in ternal standard. L6FLUC 
calculates and plots the ratloed in tens i t ies of the analyte and internal 
standard phosphorescence vs . the ra t io of the analyte to available 
surface s i t e s , as shown in Figure 17. The analyte concentration i s 
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Figure 13. Phosphorescence Intensity/Excitation Intensity vs. 
Phosphors/Available Surface Sites for Various Sample Thicknesses 
Calculated by Program L6FLUB. The Saturation Concentration of i is 1. 
-4 -1 -1 5 -1 1 
Ks10 +concentration cm , S=100 cm , K.s10 J cm , S =100 cm , B.=1 
Phosphorescence Intensity/Excitation Intensity (X6 0) 
01 0) 1^ oo 
— i 1 
Q 
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Figure 14. Phosphorescence Intensity/Excitat ion Intensity vs. 
Phosphors/Available Surface Sites for Various Sample Thicknesses 
Calculated by Program L6FLUB. The Saturation Concentration of i i s 1. 
-4 -1 -1 -5 -1 -1 
K=10 +concentration cm , Ss100 cm , K1=10 cm , S1=100 cm , B, =10 
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Figure 15. Phosphorescence Intensity/Excitation Intensity vs. 
Phosphors/Available Surface Sites for Various Sample Thicknesses 
Calculated by Program L6FLUB. The Saturation Concentration of i is 1. 
KslO-^+concentration cm"1, S=100 cm"1, K.=io"^ cm"1, S1=100 cm"1, B. =ioo 
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Figure 16. Phosphorescence Intensity/Excitation Intensity vs. 
Phosphors/Available Surface Sites for Various Sample Thicknesses 
Calculated by Program L6FLUB. The Saturation Concentration of I is 1. 
-4 -1 -1 -5 -1 -1 
K=10 +concentration cm , S=100 cm , K..s10 cm , S =100 cm , 
BJ=1000 
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Figure 17. Analyte Phosphorescence Intensi ty/Internal Standard 
Phosphorescence In tens i ty vs. Analyte/Available Surface Sites, assuming 
Surfaoe Adsorption I s Required for Phosphorescence. Combinations of 
Internal Standard and Analyte Adsorption Energies Calculated by Program 
L.6FLUC. Internal Standard/Available Surface Sites=0.01, Saturation 
C overage=1 -0 
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increased while holding the total concentration of the internal standard 
constant. If the internal standard and the analyte have equivalent 
distribution coefficients, the ratioed intensities will produce a 
straight line as shown in Figure 17* If the internal standard and the 
analyte have different distribution coefficients at low analyte 
concentrations, a linear calibration curve is produced to much higher 
concentrations. If the internal standard is more strongly attracted to 
the substrate surface, then the ratio will reach a limit. If the 
analyte is more strongly attracted to the the substrate surface, then 
the calibration curve will produce a second linear range with a larger 
slope and a nonzero x intercept. 
The functional form of the ratioed intensities is solely dependent 
on the ratio of the adsorbed analyte and internal standard 
concentrations, and not the sample thickness or measurement geometry, if 
the absorption and scattering coefficients are equal. The relative 
measurement error will vary greatly, since it depends on the measured 
intensity of the two components. When the absorption and scattering 
coefficients are different, the functions will display the same general 
form, but will vary in value. 
3.2 Kinetics. 
For several years it has been known that the rate of growth and the 
steady state phosphorescence intensity are dependent on the intensity of 
the excitation light (90-93). The increased use of high intensity light 
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sources (e.g. Nitrogen laser, pulsed Xenon) acting on the kinetics of 
the phosphor will increasingly effect the phosphorescense emission 
signal. In the following sections an exact treatment of the kinetic 
equation are developed and applied to several kinetic examples, 
including: steady-state systems, high intensity pulsed sources, and 
chopped excitation sources. These kinetic equations have important 
implications for the selection of an exitation source. Triplet-triplet 
annihilations are limited in RTP, because molecules in RTP are locked 
into the sample matrix limiting diffusion. Furthermore, the medium has 
limited energy transfer capability between molecules, and 
inter-molecular distances are large. The kinetic system of greatest 
interest for RTP considers the effect of various rate constants, 
allowing for fluorescence, phosphorescence, E-type delayed fluorescence, 
0 
and the effect of quenchers as shown in Figure 18. 
3.2.1 Exact Mathematical Treatment. 
From the kinetic system in Figure 18 the following different ial 
equations are obtained (using ' to indicate a derivative and " the 
second derivative): 
CS0]'=-K0»CS0]+K1»CS1]+K3»CT1] (66) 
89 
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Figure 18. Kinetic Diagram 
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CS1]'=K0*[S0]-(K1+K2)*[S1]+Kn»[T1] (67) 
CT^'sK^fS^-OCg+K^*!:^] (68) 
CNoMSoD+CS^+i:^] (69) 
where: 
fNQ]=total concentration of phosphor 
I-SQ] .-concentration of phosphor in ground state 
Cs ]=concentration of phosphor In first excited singlet state 
CT .^concentration of phosphor in first triplet state 
KQ=excitation rate constant 
K0=I(A)»^) 
I(*)=intensity of light at A 
CTtA)=molecular cross section at ^  
A- sexcltation wavelength 
K1=rate constant S^  to SQ transition 
K ^ + k * 
7 q 
K.slO -10^ molecules/second 
Kgsintersystem crossing rate constant 
K2=k2+k*%^r;fQ] 
g 
K2=10 molecules/seoond 
K^sT. to SQ transition r a t e constant 
K,=k,+k*+k^»T4>[Q] 3 3 3 3 p 
3 -1 Kgs10 -10 molecules/second 
k. snon-radiative component of the i th rate constant 
k squenching component o f the i t h rate constant 
* k.=radiative component o f the i t h rate constant 
t~jsnatural fluorescence l ifet ime 
*£'-=natural phosphorescence lifetime 
Substituting fS.] from equation 69 in to equation 68: 
CT^ 'sKg^CN^-CSQl-CT^J-^+K^nT^ 
Rearranging equation 70 and taking its derivative: 
li,-]~=-i2*lsQV-(K2+K3+Kh)*n:,l' 
Substituting CSn] ' from equation 66: 
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[T1]"=-K2»(-Ko*[S0]+K1»[Sj+K3»CT1])-(K2 +K3+Ku)*[T1] ' (72) 
Using equation 69 to r e p l a c e [S ] : 
C T ^ - ' s - K ^ K p ^ C M Q l - C S ^ - t T ^ i - K ^ ^ ^ t S ^ + ^ C T ^ ) " 
.(K2+K3+K4)*[T11' (73) 
Solving equation 68 for* [S.] and s u b s t i t u t i n g i n t o equation 73 we obta in 
the second order d i f f e r e n t i a l equation: 
[ T 1 ] " 4 - C A 1 + A 2 ) * C T 1 ] ' + A 1 * A 2 « [ T I ] = K O # K 2 * [ N O ] (74) 
where: 
A.J +A2=KQ+K.+K2+K,+-KJ, 
A 1 » X 2 = K O * K 2 + K 0 » K 3 + K : O * K 1 I + K 1 * K 3 + K 1 » K ] | + K 2 « K 3 
i f KQ i s small then: 
^ ^ K g + K ^ K g M K Q - K ^ / C K Q + K ^ K ^ ) ] 
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i f K Q is large additional terms may be added to A-\ and A 2 ovt A-j and 
A2 may be solved directly using the quadratic equation. Also of 
interest, is the solution of the differential equations to provide 
solutions for [ S ^ and [ S Q ] . Solving equation 69 for [SQ] and 
3ubtituting into equation 67: 
tS1]'=K0*([N0]-[S1]-CT1])-(K1+K2)»rS1]+K4»rT1] (75) 
Rearranging equation 75 and taking its derivative: 
CS1]"=-(K0+K1+K2)*[S1]'+(K4-K0)*CT1]' (76) 
Replacing CT^' in equation 76 with equation 68: 
C S 1 ] " - _ ( K 0 + K 1 + K 2 ) * C S 1 ] ' + ( K 1 J - K 0 ) * ( K 2 » C S 1 ] - ( K 3 + K 4 ) * [ T 1 ] ) (77) 
Solving equation 75 for [T ] and substituting into equation 77: 
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rs1]"+(A1+X2)*CS1]'+A1»A2»[S1]=K0*(K3+K4)*[N0] (78) 
The differential equation for [S ] can be developed in a like manner. 
Equation 69 is solved for [S..] and substituted into equation 66: 
CSQ]'=-K0*[S0]+K1*(CN0]+[S0]+[T1])+K3»[T1] (79) 
Rearranging and taking the derivative of equation 79: 
rSQl-^Ko+K^nSQr+tK^WT^' <80) 
Substituting equation 70 into 80: 
CS0]"--(K0+K1)»CS0]'+(K3-K1)»(K2»[N0]-K2»CS0]-(K2+K3+KU)»[T1]) (8l! 
Solving equation 79 for [T.] and substituting: 
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[sQ]' '+(X1 A2)*Cs0] '+X1»X2»Cs0]= 
(K2«K3+K1»(K3+K4))»[M(J] (82) 
These equations can be applied to any luminescence problem, using the 
appropriate boundary conditions. 
3.2.2 Calculation of K-. 
The excitation rate constant is the only constant in the kinetic 
equations developed here for which we do not have an approximate value. 
A rate constant is normally defined as the number of transitions per 
second per unit volume by the process. The excitation rate constant Is 
then: 
V n a / n m ( 8 3 ) 
where: 
K-sexcitation rate constant 
n snumber of photons absorbed per second 
n snumber of molecules illuminated 
m 
96 
nm=A*l*CC] 
A=area of excitation beam 
lslength of cell 
[C]sconcentration of analyte 
na=Io*A*(1-exp(-0^»l*[C])) (84) 
where: 
Igsincident beam intensity 
<T^ol= molecular cross section 
Since: 
I0=n0/A (85) 
where: 
^Qsnuraber of incident photons 
If the absorbance is small then <T^j0l*l*CC] will be small. Then from 
equations 83, 8U and the definition of n ; 
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K0=(I0*A»^ol*l*[C])/(A*l»[C]) (86) 
WCol (87) 
K0=V<£ol / A <88> 
Thus, K_ is dependent on the molecular cross section of the analyte the 
the Intensity of the excitation source. Since molar cross sections are 
normally less than 4 A2 or 4*10~1 cm2 we can calculate the maximum 
Kg for several excitation sources assuming an illuminated area of 1 
cm'. If the excitation light beam is focused down to a small spot, the 
rate constant will increase. 
For a 200 watt xenon lamp about 3 watts are captured by a 5 cm lens 
10 cm from the source. The excitation monochromator selects about 4 nm 
out of 4000 nm of the output radiation or about 3 mwatts assuming no 
losses in the monochromator. At 500 nm one watt is equal to 
18 m 
2.5*10 photons per second, 3 mwatts then equals 7.5*10 photons per 
second. KQ for a 200 watt xenon lamp (from equation 88) is less than or 
equal to 1. For a high power monochromatic source (like a 100 kilowatt 
nitrogen laser generating 1.7*1023 photons per second for 
10 nanoseconds), KQ equals 1.7*10 . A pulsed xenon flash lamp 
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generating about 300 J per flash (7.6*1020 photons ) lasting 
10 ^ seconds, KQ is about 5100, assuming that a fraction equal to the 
200 watt lamp is collected. 
3.2.3 Steady State Phosphorescence Intensity. 
The measured phosphorescence intensity Is proportional to the number 
of molecules in the triplet state T T ^ times the radiative rate constant 
for decay from the first triplet state to the ground singlet. Our 
discussion will center around the effeot of changing different rate 
constants on the fraction of the molecules in the first triplet state. 
Since at the system steady state CT^'-o and CT-JI "=0, we obtain the 
following from equations, 74, 78, and 82 respectively: 
[T1]=K0*K2»[N0]/A1»A2 (89) 
[S1]=K0*(K3+K4)*CN0]/^1»A2 (90) 
[So]=(K2*K3+K1*(K3+K4))*[N0]/A1*A2 (91) 
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If we consider reasonable rates for K ^ K 2 , Kg, and K4, the growth 
o f
 ET-|]/[N0] with increasing KQ should be linear at low light 
intensities, but as KQ increases [T.,]/[N0] should become increasingly 
non-linear. The implications of this result are cause for some concern. 
If we attempt to correct excitation spectra for variation in the source 
(assuming a linear model) we will over correct for source fluctuations. 
The higher the absorption cross section and source intensity, the larger 
the error. Plots of [ T ^ / C N Q ] VS. K Q as shown in Figure 19 indicate 
that as the excitation rate constant KQ increases the fraction of the 
molecules in the triplet state limits to CNQ]. Any change in the rate 
constants K^? K 2 > and K 3 that increase the intersystem crossing rate or 
the phosphorescence lifetime will increase the steady state 
concentration of [T^. it is important to note that under steady state 
conditions CS Q], [s.,], and [T.,] are proportional to [ N Q ] . 
3.2.4 Pulsed Systems. 
For high intensity pulsed systems, including nitrogen lasers and 
xenon flash lamps, KQ ranges up to 10 . In these systems we would 
expect very non-linear responses. Additionally, the pulse width is 
normally very short, and a steady, state is unlikely to occur during the 
pulse. Determining a mathematical solution to the phosphorescence 
Intensity after applying a short pulse of light requires a knowledge of 
the functional form of CT^ft). Taking the Laplace transform of 
equation 74: 
Figure 19. Steady State [T^/CNQ] VS. K Q for Various Combinations of 
the Luminescence Rate Constants Calculated by Program PHOSKO. Standard 
Rates are: K1=io8, K2=108, K3=10, Kj,=0. (a) Effect of K.,, (b) Effect of 
K2, (c) Effect of K3, (d) K1 and K2 from 107 to 109 such that K1=K2 
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[T1]''+(/\)+A2)*CT1]'+A1*>2*CT1]=K0*K2*[N0] (92) 
s2*[T1]-s*[T1]0-K2*[S1]0+(K3+K4)*[T1]0 
+(^+X2)+(s»CT1]-CT1]0)+A1*X2*CT1l=K0*K2*CN0]/s (93) 
Rearranging: 
(s+A1)*(s+A2)*[T1]=(s+K0+K1+K2)*[T1]0 
+ K2* C S1 ]0 +V K2* C N0 : , / S " (94) 
Using partial fractions to separate the last term: 
C T 1 ] = ( S + K 0 + K 1 + K 2 ) * [ T 1 ] 0 / C ( S + A 1 ) * ( 3 + \ 2 ) ] 
+K2*[S1]0/i:(s+A1)*(s+A2)]+K0*K2*[N0]* 
(I/CS*A 1»A 2] +I/[A 1*(A 1-^)»(S+A 1)]+I/[A 2*(A 2-A 1)*(S+^)]) (95) 
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taking the Inverse Laplace transform of equation 95: 
CT1]=[T1]0*[A1*exp(-^»t)-A2*exp(-A2*t)]/rA1->2]) 
+(K0+K1+K2)*[T1]0*([exp(->1*t)-exp(-A2*t)]/CA1-)2]) 
+K0«K2*[N0]*(l/(>«1*A2)+[exp(-A1*t]/[A1*(A1-\2)]] 
+rexp(-A2*t)/A2*[A2-A2])]) (96) 
the general solution of [S,,] is derived in a like manner, starting with 
equation 78 and taking the Laplace transform: 
C S 1 ] " + C A 1 + A 2 ) * C S 1 ] ' + A 1 » A 2 * C S 1 ] S K 0 » 0 C 3 4 . K U ) » C H 0 ] (97) 
s2»CS1]-s»[S1]0-K0»[S0]0+(K1+K2)*[S1]0 
+(A1+A2)*[S1]=K0*(K3+K4)'»CN0]/s (98) 
solving for CS.]. 
IS-I ]=s*[S1 ]0/[ (s+A1)*(s+A2^ 
+(K0+K3+Kl|)»rs1l0/C(s4A1)*(s+A2)] 
K0#(K3+K4)*[N0]/rs*(s+A1)*(s-kA2)] 
Using partial fractions to separate the last term: 
CS1]=s*[S1]0/[(s+A1)*(s+A2)] 
+(K0+K3+Klt)*[S1]0/[(s+A1)*(s+>2)] 
+K0#(K3+KI,)*[N0]*[i/(s*A1*A2)+i/[A1*(ArA2)*(s+A1)] 
+1/[\2«(A2-A1)*(s+A2) ( 
Taking the inverse Laplace transform: 
CS1]=rs1]0»(A1*exp(-A1*t)-A2*exp(-A2*t))/(ArA2) 
+(K0+K3+K4)*[S1]0»(exp(-A1*t)-exp(-A2*t))/(A1->2) 
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+V%^*CNo]*(1/(V^)+exp(-Vb)/rV^V*2)] 
+exp(-A2*t)/[A2*(X2-^)]) (101) 
In measurement systems using high intensity pulse light sources the 
calculated steady state phosphorescence are highly nonlinear. In 
addition, because of the short pulse lengths of some sources (e.g. 
nitrogen laser) a steady state condition is unlikely to occur. Using 
equations 96 and 100, PULSE calculates and plots the result of a single 
pulse of light as shown in Figure 20 on the phosphorescence Intensity in 
Figure 21 and 22. Each line plotted in Figure 21 and 22 represents a 
constant amount of total photons during the pulse. As the pulse width 
increases the rate at which photons strike the sample decreases 
inversely proportional to the pulse width. The lines plotted in 
Figure 21 and 22 represent an increase by a factor of ten in the total 
number of photons as the Intensity on the plot increases. 
These plots indicate that the longer the pulse, the more efficient 
the conversion of the excitation energy into triplet state molecules, 
until the pulse width starts to approach the phosphorescence lifetime. 
This results from a recycling of molecules deactivated via fluorescence. 
If the intersystera crossing efficiency is high, then the system is 
efficient at shorter pulse widths. 
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Figure 20. Pulse used in Program PULSE 
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Figure 21. C T ^ / C N Q ] V S . Pulse Width (sec) for Various Fixed Amounts 
of Photons Calculated by PULSE. FLTsFluorescence Lifetime. 
PLT=Phosphorescence Lifetime. K..=io8, K,=10, Kj,s0, (a) K2s107, 
(b) K 2 =10 8, (c) K2=109 
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Figure 22. [ T ^ / C N Q ] V S . Pulse Width (sec) for Various Fixed Amounts 
of Photons Calculated by PULSE. FLT=Fluorescence Lifetime. 
PLTsPhosphorescenoe Lifetime. K =10 , K,s10, K.sO, (a) K,=107, 
(b) K1=108, (o) K1=109 
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3.2.5 Chopped Systems. 
The integrated phosphorescence intensity has been previously derived 
by Winefordner (94,95). He assumed that the rate of growth of the 
phosphorescence intensity was equal to the phosphorescence decay rate, 
for a chopped excitation/observation system, as diagramed in Figure 23. 
This equation may be re-derived, taking into account the difference 
between ^ 2 and K_: 
Pp=(Ip0/K3)*exp(-K3*td)*(1-exp(->2*te))2 (102) 
(1-exp(K3*(te-tc)-A2*tc)) 
where: 
P integrated phosphorescence intensity 
I -ssteady state phosphorescence intensity 
t .=tirae between excitation and observation cycles 
t =excltation/observation time 
e 
t =time for one excitation/observation cycle 
A 2'='K 3+K U+[K 2*(K 0-K IJ)/(K 0+K 1+K 2-K 3)] 
It would appear from equation 102 that if t , t., and t are constants 
G Q 6 
then the integrated phosphorescence intensity for a chopped system is 
proportional to I Since I
 Q is proportional to [NQ], P will be 
also. This is an important result, allowing the application of factor 
analysis as will be explained in chapter 5. 
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Figure 23. Schematic Diagram of Excitation and Observation Cycles in a 
Chopped System 
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3«3 Conclusion. 
It is apparent from this discussion that light scatter, 
concentration distribution, surface coverage, and kinetics each play an 
important role in the phosphorescence intensity emitted by the sample. 
The use of a combination of simple models can explain the 
experimental results obtained with RTP. The extension of these models 
to the use of an internal standard' improves the linearity of the 
calibration curve, and indicates that equivalence in adsorption energies 
is important in the selection of an internal standard for an analyte. 
In addition, these findings indicate that the fraction of moleci'ies in 
the triplet state, hence the phosphorescence intensity, while depending 
on surface coverage and distribution, is not dependent on the 
concentration at low concentrations. This means that the linearity of 
the phosphorescence calibration curves will depend more on the 
concentration, not the light intensity. 
The kinetics section of this chapter demonstrates, theoretically, 
the nonlinear nature of systems that exhibit phosphorescence as a result 
of ground state depopulation. Therefore, the steady state 
phosphorescence is highly non-linear with light intensity. Exact 
equations derived in this section demonstrate that with low intersystera 
crossing efficiencies, high intensity sources with short pulse widths 
provide poor sensitivity, when compared to sources with longer pulse 
widths. 
The combination of light adsorption/scattering theory with kinetics 
is possible and is suggested for future work. The application of steady 
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state kinetics should require simple modification of the excitation 
equations in section one. Application to pulsed systems will require 
solution of complicated partial differential equations. In addition it 
should be noted that coherent scattering will occur when using a laser 
source. 
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CHAPTER 4 
Development of a Microcomputer Controlled Spectrophosphorimeter. 
The experimental measurement system used to obtain analytically 
useful information from phosphors should take advantage of the 
fundamental advantages of phosphorescence. These advantages include the 
use of both excitation and emission wavelengths and the long-lived 
nature of the phosphorescence luminescence. In addition, the 
measurement system should be designed to allow several measurement 
modes, and automatic data collection and analysis. Reducing the need 
for a large amount of operator input and interaction by automating the 
measurement system decreases the possibility of error. 
The effect of each component in the measurement system on the 
excitation-emission matrix is described in this chapter. The effect of 
practical and theoretical considerations on the selection of the 
mechanical and optical components is also discussed. Particular 
emphasis is placed on the design of an improved monochromator 
controller. 
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4.1 Experimental System. 
A spectrophosphorimeter is normally constructed of several basio 
components: (a) light source, (b) excitation wavelength selector, 
(o) sample compartment, (d) emission wavelength selector, (e) a 
photodetector, and (f) readout device, all shown in Figure 24. 
The experimental system used in this study, as shown in Figure 25, 
exploits the fundamental advantages of RTP. The experimental 
measurement system consists of a 200-watt Xe-Hg source, excitation and 
emission monochromators, a reference beam splitter and 1P28 
photomultlplier tube, a sample module, and an emission 1P28 
photomultiplier tube. The output currents from the photomultlplier 
tubes are converted to a TTL level pulse stream via a eharge-to-count 
converter. These counts are accumulated with a 100 MHz counter card. 
The system is controlled by a master microprocessor, running programs 
written in BASIC and assembly language. The excitation and emission 
monochromators are controlled by separate microprocessors, which 
communicate over serial lines with the master microprocessor. Input and 
output devices include a teletypewriter (TTY) for communication between 
the operator and the master microprocessor, a thermal plotter/printer 
(TPP) and a video monitor (TV) for display of experimental data and 
calculated results. The sample module is flushed with dry nitrogen and 
contains a sample holder. The sample is attached to the sample holder 
(as shown in Figure 26) and placed in the sample chamber. The 
microprocessor then automatically collects and analyzes the data. 
Program modules written to control the instrument are easily 
reconfigured to change the data collection procedure. 
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Figure 24. Idealized Spectrophosphorimeter 
TV 1 TTY • TPP I 
, Figure 25. Experimental Measurement System 
OO 
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Excitation-*- ft -^ -Emission 
Motor 
1.5cm 
Figure 26. Sample Holder 
4.2 Source. 
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The light source used for quantitative phosphorescence should be: 
(a) intense, (b) stable, and (c) contain all of the wavelengths in the 
near ultraviolet and visible. Possible sources include: 
(a) incandescent lamps, (b) gas-discharge lamps, (c) mercury arc lamps, 
(d) xenon arc lamps, (e) Xe-Hg arc lamps, or (f) laser sources. 
Of these the most practical sources for molecular luminescence 
measurements are the Xe and Xe-Hg arc lamps. Both emit all of the 
wavelengths in the near ultraviolet and visible and are continuous as 
shown in Figure 27. In addition both are capable of high intensities 
and stable operation. The 200 watt Xe-Hg arc lamp used in this study 
emits a continuous light band equal in intensity to the spectral output 
of a 150 watt Xe arc lamp under equivalent conditions. The emission for 
the Xe-Hg arc lamp also contains a number of high intensity emission 
lines in the spectral region of interest. These high intensity lines 
will be a source of non-linear emission behavior as pointed out in 
chapter 3. This will not present any major problems for quantitative 
analysis, but may cause problems with qualitative analysis. Because of 
statistical weighting in the analysis program the phosphorescence signal 
will need to be normalized for the large differences in souroe 
intensity. 
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Figure 27. Excitation Source Spectrum, (a) 200 Watt Xe-Hg Arc Lamp 
Measured with a MoPherson EU-700 Monochromator, Slitwidth 20 um, Grating 
1180 lines/mm, Blaze 250 nm, Scan Rate 0.1 nra/sec, Photoraultiplier Tube 
1P28 at 620 volts, Chart Recorder 10"? araps/10inch., (b) same as (a) 
a 
except Chart Recorder 10" amps/10inch., and (c) 150 Watt Xe arc Lamp 
same Conditions as (b) 
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4.3 Shutter. 
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The shut ter between the excitation source and the excitation 
monochromator was designed to allow measurement of the dark current for 
the reference photomultlplier tube , and to allow future measurement of 
phosphorescence lifetimes. The function of the shutter i s to rapidly 
open and close the aperture between the l ight source and the excitation 
monochromator, e i ther manually o r under microprocessor control. Because 
the shutter and i t s solenoid a r e enclosed in the source housing, i t must 
be protected from the noise generated by the arc lamp. Multiple 
isolat ion of the shutter solenoid from the mioroprocessor i s also 
required, as shown in Figure 28, to keep solenoid noise out of the 
computer system. The eleotrical system i s isolated at several stages to 
eliminate large amplitude or high frequency components of the 
electro-magnetic noise generated by the arc lamp during s ta r t up and 
operation. 
4.4 Monochromators. 
Isolation of selected wavelengths of l ight with high resolution 
grating monochromators is a common operation in spectrochemical methods 
of analysis . Commercial monochromators and monochromator controllers 
are often unable to control the monochromators operating parameters with 
the resolution needed in automated systems. If a monochromator i s to be 
used in a completely automated system, i t s controller should provide a 
number of important capabilities: (a) in i t i a l i za t ion of wavelength and 
12^ 
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Figure 28. Shutter (a) Diagram, (b) Power supply, (e) Drive, (d) Sensor 
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3litwidth operation, (b) calibration of the wavelength and slitwidth, 
(o) the ability to select any wavelength or slitwidth available, 
(d) provide operator interaction directly (stand-alone mode), and 
(e) permit interaction with other microprocessors in the measurement 
system (slave mode). The monochromator controller developed here 
represents an improvement of designs by Cordos (96), Avery (97), and 
Lovse (98). 
The controller should be extremely reliable for unattended use. In 
addition, the controller should also be able to operate in high noise 
environments without losing accuracy, and should not be the source of 
noise that will affect the operation of other parts of the instrument. 
The EU-700 (GCA/McPherson, 530 Main Street, Acton, MA, 01720) 
monochromator (99) was used in this study, because it can be readily 
modified to provide these capabilities. 
The accuracy of the monochromator drive determines the uncertainty 
of qualitative atomic methods. Improvement in monochromator controller 
performance greatly Improves the precision with which monochromators can 
reproducibly select a given wavelength. However, the precision 
leadscrew in the 0.3 to 0.5 meter grating monochromators limits the 
accuracy to about 0.1 nm. In atomic spectrometry an improved resolution 
of severalfold would increase the reliablity of line identification 
while utilizing the compact and less expensive <0.5 meter 
monochromators. The wavelength readout can be corrected by measuring 
known atomic emission lines and fitting the experimental data to test 
error equations. The correction factors are applied during a wavelength 
3can so that the wavelength readout is accurate to +0.025 nm for any 
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wavelength increment within the wavelength region that correction 
factors have been calculated. 
The monochromator controller uses both closed-loop and open-loop 
control systems as shown in Figure 29. In both the closed-loop and the 
open-loop systems, control signals are sent out by the microprocessor, 
and are modified by the control board to provide signals that can 
operate the electromechanical components of the monochromator. In 
closed-loop systems the signals orginating in the monochromator are 
modified by the control board to provide feedback. The movements in the 
open-loop systems used in this controller are assumed to be so accurate 
that feedback is not required. 
4.4.1 Wavelength Drive. 
The wavelength drive is a sine-bar and precision leadscrew assembly 
driven by a slew motor for large wavelength changes (9nm/sec) and a 
stepping motor for scanning and fine wavelength adjustment (zero to 
2nm/see). The stepping motor is normally engaged. The slew motor is 
engaged using an ac solenoid when the slew motor is on. 
4.4.2 Stepping Motor. 
The stepping motor used in the wavelength drive (No. 36D 300 R7.2, 
Haydon Switch and Instrument, Inc. 1502 Meriden Road, Waterbury, CH, 
06705) provides reproducible wavelength increments of + o.01 nm/step at 
speeds up to 200 steps/sec. A four-phase signal is required by the 
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Figure 29. Monochromator Control System: (a) Open Loop, (b) Closed Loop 
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a) 
b) 
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stepping motor coils for forward and reverse movement. When designing 
the driver circuits like those in Figure 30, the designer must consider 
the inductive nature of the stepping motor coils. To eliminate the 
turn-off transients, diodes are used to shunt the current and protect 
the drive transistors. 
4.4.3 Slew Motor. 
The slew motor ( Hi-torque motor, SPEC 1218, Multi Products Company, 
2052 Grove Avenue, Racine, WI, 53405) provides rapid movement of the 
wavelength drive between wavelengths. An alternative to the slew motor 
used in this monochromator design would be a high-speed stepping motor. 
This would be less attractive because high-speed stepping motors tend to 
be large, run hot, and require large power supplies. In general 
high-speed steppers are much slower (3 nm/sec max speed) than the slew 
motor (9 nra/sec) used in this monochromator. Major modifications to the 
monochromator would have been required for mounting the motor. Venting 
the heat produced is possible but could create problems with the optical 
system. 
The slew motor is an ac induction motor with shading coils and a 
squirrel-cage rotor (100). The application of ac line voltages to the 
motor and the selection of the proper pair of shading coils presents a 
number of design problems. If mechanical relays are used to control the 
slew motor power, the contacts arc, and noise spikes are created on the 
logic power supply lines. These noise spikes cause errors in the 
control logic leading to the loss of wavelength information. A solid 
STEPPING 
MOTOR 
Figure 30. Monochromator Stepping Motor Drive Circuit 
CO 
o 
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state relay, with photoisolation and zero-crossing switching (S-312 
Crydom, 1521 Grand Avenue, El Segundo, CA, 90245) is used to provide 
power to the slew motor, eliminating this problem. 
The shading coils are connected in pairs, the direction of movement 
being determined by which pair of shading coils Is shorted. The shading 
coils present a special problem because they operate at 9 volts ac peak 
to peak at 1.75 amps. A photoisolated solid state relay, operable at 
these low voltages and high current, is not presently available. 
However, the RCA SK3506 triac can conduct at low ac voltages and high 
currents, and requires low gate currents. It also provides good 
isolation from high voltages when off. Thus, while the monochromator 
controller is not completely isolated from the shading coils, the low 
voltages involved and the zero-crossing switching of the triac combine 
to prevent the creation of noise spikes. The combination of a 
photoisolated solid state relay on the main coil and triacs on the 
shading coils as shown in Figure 31 has eliminated the noise spikes and 
resulting errors in the wavelength counter due to the slew motor 
operation. 
4.4.4 Slitwidth Drives. 
The slits are straight knife edges adjustable from 5 to 2000 um. 
The entrance and exit slits are connected to a single control shaft. A 
stepping motor of the same type used on the wavelength drive is directly 
coupled to the control shaft using a pair of miter gears. 
AC HI 
WAVE LENGTH DRIVE 
SOLENOID — 
Figure 31. Monochromator Slew Motor Drive Circuit 
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4.4.5 Filter Selection. 
To decrease the amount of stray-light passing through the 
monochromator an optional filter module with a ten-position filter wheel 
Is positioned behind the entrance slit. The proper filter is moved into 
position when the filter's select line is shorted to the internal common 
using one of several SK3506 triacs shown in Figure 32. The stray-light 
filters can be selected in three different modes with the GCA/McPherson 
EU-700 filter module: a manual mode, an internal automatic mode, and an 
external mode. The monochromator controller can select the proper 
filter for preselected wavelength regions stored in a table in the 
monochromator controller program when the filter module is operated in 
the external mode. The filter selection subroutine determines the 
correct filter and outputs the encoded filter number to the filter 
selection circuit. 
4.4.6 Encoder Devices. 
In this system several encoding devices are used as shown in 
Figure 33. These include a relative wavelength encoder, single-value 
absolute encoders on the wavelength and slitwidth drives, and a 
"filter-change-in-progress" signal on the filter mechanism. 
0 
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FILTER SELECT LINE 
AUTOMATIC MODE 
COMMON 
FILTER SELECT LINE-ONE 
FILTER SELECT LINE-TWO 
(SAME CIRCUIT REPEATS 
FOR ALL FILTERS) 
Figure 32. Monochromator Filter Selector 
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Figure 33. Monochromator Encoding Devices, (a) Absolute Encoder, 
(b) Absolute Encoder On, (c) Absolute Encoder Out, (d) Limit Switches, 
and (e) Filter-Change-in-Progress 
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4.4.7 Absolute vs. Relative Encoders. 
To provide the required resolution for the wavelength drive an 
absolute encoder with at least one part in ten thousand resolution 
(14 bits) across the wavelength is needed. This would be prohibitively 
expensive. 
The high cost of absolute encoders can be avoided by maintaining a 
wavelength counter. This counter must be set each time the instrument 
is turned on. A relative encoder with the proper resolution is used to 
update the wavelength counter. This method would preclude the complete 
automation of the monochromator because it normally requires the 
operator to initialize the counter. For this controller* the relative 
encoder provided with the monochromator Is used across the wavelength 
range, and an automatic absolute encoder is used for the calibration 
sequence at a single wavelength. 
4.4.8 Single-value Absolute Encoders. 
The wavelength and slitwidth absolute encoders are single value 
encoders. These encoders allow the automatic encoding of the wavelength 
to within + 0.01 nm and encoding of the slitwidth to within 0.25 um. 
This is as accurately as the mechanical counters on the monoohromator 
oan be read and set. The absolute encoders were constructed from the 
counters on the top of the monochromator module. The wavelength and 
slitwidth counters are removed from the monochromator and modified 
following the design of Cordos and Malmstadt (96). The mechanical 
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counters are then replaced in their normal position in the 
monochromator. 
The encoder as diagramed in Figures 33a, b, and c, function as 
follows, the incandescent lamp is turned on during calibration. At the 
calibration setting light can pass from the incandescent lamp to the 
photocell through the hole drilled through the counter rings. An 
interrupt transition is then generated to the microprocessor calling the 
proper interrupt subroutines for the wavelength and slitwidth counters. 
The interrupt subroutines set the wavelength and slitwidth counters for 
their respective encoders. 
4.4.9 Relative Wavelength Encoders. 
The relative wavelength encoder is a Model B 200X AVS optical 
tachometer (H.H.Controls, 16 Front Street, Arlington, MD, 02174). The 
optical tachometer provides quadrature outputs that determine the 
direction and magnitude of the wavelength change. The circuitry that 
converts the quadrature outputs to increment and decrement pulses 
requires the detection of an edge from each phase before producing the 
pulse. The circuit shown in Figure 34 was designed by Lovse (98). The 
resulting pulses generate interrupts in the microprocessor that 
increment or decrement the wavelength counter. 
A relative wavelength encoder would not necessarily be required if 
the movements were only made through the use of the stepper motor. 
Because of the slew motor's inertia and the speed at which movement 
occurs, only large coarse wavelength changes can be made with the slew 
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motor. Even if the slew motor were not used, however, the relative 
encoder would provide important assurance that the wavelength was 
properly set. 
4.4.10 Limit Switches. 
Another set of absolute encoders is provided by the limit switches 
on the wavelength and slitwidth drives as shown in Figure 33d. The 
limit switches for both the slitwidth and the wavelength drives are used 
as a point of reference for the calibration procedures. The limit 
switches also provide protection for the wavelength and slitwidth 
drives. Although the limit signals are returned and detected by the 
microprocessor, the limit signals are also used on the control board to 
prevent any movement in the direction of the limit through the board's 
control logic. This prevents damage to either drive. 
When the sine-bar nears its limit of travel on the leadscrew, the 
wavelength limit switches are actuated by the limit switch actuator bar 
attached to the sine-bar attached to the sine-bar. The slitwidth limit 
switches are actuated when the slitwidth stops reach their mechanical 
limit. 
4.4.11 Filter Change. 
When the filter wheel is In a detent position, the filter-change 
line from the filter module is low. When a filter change is ocouring, 
the filter-change line rises between filters. Each rising edge triggers 
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a retriggerable monostable shown in Figure 33e, which sets the 
"filter-change-in-progress" signal high for one second. When the filter 
wheel is moving, the filter-change line pulses more than once a second. 
This causes the "filter-change-in-progress'1 signal to remain high until 
the filter wheel stops. The microprocessor inhibits scanning by the 
monochromator during the filter change interval. 
4.4.12 The Microprocessor System. 
The microprocessor is the source of the control signals for the 
electromechanical system in the monochromator, as well as instructions 
from the keyboard or the master microprocessor. The present status of 
the monochromator is reported either to the operator through the display 
or to the master microprocessor. The microprocessor in the controller 
is constantly testing the status of the monochromator and changing the 
control signals sent to the electromechanical system according to a set 
of internal rules determined by the monochromator control program. 
The microprocessor system used in this study was designed by 
Avery (97) and Lovse (98), using the Intel (3065 Bowers Avenue, Santa 
Clara, CA, 95051) 8080A microprocessor and components in the Intel 
MCS-80 microprocessor family. Included are 3K bytes of read-only 
memory, 256 bytes of read/write memory, a keyboard and alphanumeric 
display, an 8251 programmable communication interface, an 8253 
programmable interval timer, an 8255 programmable peripheral interface, 
and an 8259 programmable interrupt interface controller. These 
microprocessor components were Interfaced using standard Intel methods. 
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A block diagram for the microprocessor system is shown on Figure 35. 
The control signals passed between the microprocessor and the control 
board are tabulated in Table 1. 
4.4.13 Keyboard/Display. 
Wavelength and slitwidth readout and stand-alone control are 
provided by a keyboard/display unit as shown in Figure 36. The display 
uses five DL-1414 four-digit, 17-segment alphanumeric intelligent 
displays (LItronic, Inc., 19000 Homestead Road, Vallcopark/Cuperino, CA, 
95014). The keyboard is composed of 20 encoded SPST keys (0-9 and A-J). 
The encoded signal is input through an 8212 8-bit input port by the 
keyboard subroutine and the proper action is taken by the monochromator 
control program. The monochromator control program in the stand-alone 
mode enters commands through the keyboard. In the slave mode commands 
enter through a serial 1/0 Port which communicates with the master 
microprocessor. The monochromator control program can: calibrate and 
initialize the operation of the wavelength drivers, set the grating for 
any wavelength from 0.00 nm to 950.00 nm, set any slitwidth from 5 to 
2000 um, and select the proper stray-light filter. The program also 
detects and reports any error in the electromechanioal operation of the 
monochromator. 
The controller program is organized into an initialization sequence, 
a main program loop, keyboard service subroutines, and service 
subroutines for the main program loop. The main program loop determines 
if the monochromator needs service and provides any needed service by 
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Figure 35. Monochromator Microprocessor 
TABLE 1 Microprocessor Input and Output from the 8255 
and 8259 Interfaces. 
8255-PROGRAMMABLE PERIPHERAL INTERFACE 
Port A 
AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
(Output) 
Wavelength Slew-Up 
Wavelength Slew-Down 
Wavelength Step-Up 
Wavelength Step-Down 
Slitwidth Step-Up 
Slitwidth Step-Down 
Wavelength Encoder On 
Slitwidth Encoder On 
Port B (Input) 
BO Wavelength Forward Limit 
B1 Wavelength Reverse Limit 
B2 Slitwidth Forward Limit 
B3 Slitwidth Reverse Limit 
B4 Filter-Change-in-Progress Signal 
B5-B7 Not Used 
Port C (Output) 
C0-C3 Filter Select 
C4-C7 Not Used 
8259-PROGRAMMABLE INTERRUPT INTERFACE CONTROLLER 
IRO Wavelength Encoder Up 
IR1 Wavelength Encoder Down 
IR2 Slitwidth Calibration Encoder 
IR3 Wavelength Calibration Encoder 
IR4 200 Hz Clock 
IR5-IR7 Not Used 
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Figure 36. Keyboard Encoder 
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executing one of the service subroutines tabulated in Table 2. Input of 
commands is performed by the keyboard subroutine in the stand-alone mode 
and by the slave subroutine in the slave mode. These subroutines then 
call the instruction subroutine. The instruction subroutine decodes the 
instruction and sets up and starts any move required. The commands and 
their functions are tabulated in Table 3« The program was written in 
assembly language because of speed requirements, since wavelength 
interrupts occur at 900 Hz when the slew motor is on. The 
microprocessor must update the wavelength counter 900 times a second, 
and simultaneously must service the display, while continually comparing 
the desired and aotual wavelengths. 
4.4.14 Power Supply. 
The control board requires 5 volts at 1 amp and 32 volts at 
0.5 amps. The required voltages are supplied by an on-board power 
supply. The microprocessor is supplied with +5, +15, and -15 volts from 
a Power-One CBB-75W power supply (P.O.Box 1261, Canoga Park, CA, 19304). 
4.4.15 Test Apparatus. 
The monochromator test system as shown in Figure 37 is composed of a 
GCA/McPherson EU-700 monochromator, the monochromator controller, 
several light sources, a 1P28 photomultlplier tube, a charge-to-count 
converter (q to n), and a master microprocessor. The master 
microprocessor controls data collection and analysis by using BASIC and 
TABLE 2 Main Program Loop Service Subroutines 
KEYBD Determines if a valid input has oocured from 
the keyboard and takes any required action when enabled. 
SLAVE Determines if a valid input has oooured from the 
slave input port when in the slave mode. 
SMOVIN Supervices any change in the slitwidth 
MOVING Supervices any change in the wavelength 
DISPLA Displays the current values for the slitwidth 
and the wavelength. 
CORWAV Calculates the corrected wavelength 
MCSLIT Supervices the slitwidth calibration procedure 
MCWAVE Supervices the wavelength calibration procedure 
ERROR Determines if an error in electromechanical 
operation has oocured 
FILTER If enabled selects the proper stray-light filter 
0UT1 SIO output service routine 
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TABLE 3 Microprocessor Commands 
COPY (B) Sets wavelength counter equal to value in 
the input buffer 
CSLIT (B) Starts s l i twidth calibration procedure 
CWAVE (B) Starts wavelength calibration procedure 
DISLW (B) Disables wavelength slew 
ENSLW (B) Enables wavelength slew 
FILDIS (B) Disables f i l t e r selection 
FILENA (B) Enables f i l t e r selection 
FILSEL (M) Uses f i l t e r number stored in the input buffer 
to select correct f i l t e r 
GOTO (B) Starts wavelength change to wavelength in the 
input buffer 
OUTFIL (M) Outputs the current f i l t e r number to the 
master microprocessor 
OUTFIB (M) Outputs binary f i l t e r number 
OUTSLI (M) outputs the current sl i twidth to the master microprocessor 
OUTSLB (M) Outputs binary sli twidth to master microprocessor 
OUTWAV (M) outputs the current wavelength to the master 
microprocessor 
OUTWAB (M) Outputs binary wavelength to master microprocessor 
SCOPY (B) Sets the s l i twidth equal to the value in the 
input buffer 
SGOTO (B) Starts s l i twidth change to value stored in 
input buffer SHOFF (B) Turns keyboard shift off 
SHOFF (B) Turns keyboard shift off 
SHON (B) Turns keyboard shift on 
SLAVOF (M) Returns microprocessor tothe stand-alone mode 
SLAVON (M) Places microprocessor in slave mode 
STATS (M) outputs current s tatus to the master microprocessor 
SSTEPD (B) Steps the s l i twidth down 0.25 um 
SSTEPU (B) Steps the s l i twidth up 0.25 um 
STEPDN (B) Steps the wavelength down 0.01 nm 
STEPUP (B) Steps the wavelength up 0.01 nm 
STOP (B) Stops any monochromator movement 
WAITW (B) Sets wavelength scanning speed using value 
in the Input buffer 
WAITS (B) Sets s l i twidth scanning speed using value 
in the Input buffer 
B-Commands available to both the keyboard and the master 
microprocessor 
M-Commands available only to the master microprocessor 
MONOCHROMATOR 
CONTROLLER 
KEYBOARD 
DISPLAY •*• SLAVE 8080 
SOURCE 
CONTROL BOARD 
|TVJ (TTY) |TPP| 
MASTER 8080 
MONOCHROMATOR!—*- DETECTOR 
Figure 37. Monochromator Test System 
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assembly language routines. Input and output are via a teletypewriter 
(TTY), video monitor (TV), and thermal plotter printer (TPP). The 
controller was tested in both the stand-alone mode and in the slave 
mode. The master microprocessor used programs written in BASIC to 
control the slave microprocessor. 
The wavelength calibration procedure was tested by first calibrating 
the wavelength drive then moving to a wavelength below the 253.65 nm 
emission line of a mercury hollow cathode lamp and stepping through the 
emission line. The measured emission wavelength maximum was then 
compared to the standard value (101). This procedure was repeated one 
hundred times, and the measured peak maximum (253.55 nm) was within the 
accuracy of the leadscrew (0.10 nm) and was reproducible to within + 
0.01 nm. 
Slitwidth calibration was tested by moving to 100, 50, and 20 um, 
after calibrating the slitwidth. The intensity of the light passed 
through the monochromator to the detector was measured 100 times at each 
slitwidth. The measured intensity never varied more than one percent 
for any slitwidth setting. This corresponds to an error of 0.2 um in 
the slitwidth setting. 
Accuracy during unattended operation was tested for as long as 
8 hours while the monoohromator controller was in the slave mode. The 
monochromator grating was In continuous movement during the test period. 
At the end of the test period the monochromator controller wavelength 
error was less than 0.01 nm. This is within the resolution of the 
monochromator. The error for the slitwidth movement was less than the 
step resolution or less than 0.25 urn. 
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Because of the high precision of this controller the wavelength 
accuracy error caused by the leadscrew run-out error for a portion of 
the wavelength range could be measured. The emission maximum is 
determined 5 times for each atomic calibration line and averaged. The 
wavelength error is calculated and the error data are fit to several 
test equations. Spectral lines provided by each lamp (Cd-Osram, 
Zn-Osram, and Fe-hollow cathode lamp) were measured at different times 
at approximately the same temperature. The measured peak maximums were 
compared to the known wavelengths for specific lines, and the error was 
calculated as shown In Table 4. Although some of the measured errors 
are greater than the monochromators specifications, It should be noted 
that the monochromator used In this study is over ten years old. 
Because this error is rather smooth and stable function of wavelength, 
it is possible to calculate the wavelength of an unknown emission line 
in a complex sample to an accuracy better than the monoohromator 
specification. 
4.4.16 Wavelength Correction Theory. 
The GCA/McPherson EU-700 scanning monochromator is a single pass 
Czerny-Turner grating monochromator with a precision leadscrew sine-bar 
assembly. This assembly drives the diffraction grating and provides 
accurate wavelength selection to +0.10 nm and resetability to 
0.01 nm. It is possible to measure the apparent wavelength of a number 
of atomic emission lines for several elements very precisely with the 
monochromator controller. The apparent wavelength of each line is 
TABLE 4 Measured Wavelength Errors 
I 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
WAVELENGTH WAVELENGTH 
LITERATURE MEASURED 
206.191nn 
213.856 
214.438 
226.502 
228.802 
231.284 
240.488 
241.052 
250.229 
255.809 
257.309 
267.764 
274.887 
276.406 
288.077 
298.063 
308.083 
313.317 
325.253 
326.106 
328.233 
330.259 
334.502 
340.365 
346.620 
350.000 
358.120 
361.051 
371.994 
371.994 
373.713 
382.043 
388.628 
389.971 
441.570 
467.816 
468.014 
479.992 
481.053 
519.316 
556.962 
570.940 
643.847 
l 206.078nm 
213.742 
214.332 
226.422 
228.712 
231.202 
240.442 
241.000 
250.161 
255.749 
257.246 
267.728 
274.854 
276.382 
288.082 
298.082 
308.116 
313.342 
325.286 
326.148 
328.284 
330.303 
334.562 
340.422 
346.680 
350.054 
358.210 
361.112 
372.088 
372.082 
373.812 
382.132 
388.728 
390.066 
441.636 
467.860 
468.066 
480.030 
481.090 
519-304 
556.910 
570.860 
643.730 
ERROR 
-.113nm 
-.114 
-.106 
-.080 
-.090 
-.082 
-.046 
-.052 
-.068 
-.060 
-.063 
-.036 
-.033 
-.024 
.005 
.019 
.033 
.025 
.033 
.042 
.051 
.044 
.060 
.057 
.060 
.054 
.090 
.061 
.094 
.088 
.099 
.089 
.100 
.095 
.066 
.044 
.052 
.038 
.037 
-.012 
-.052 
-.080 
-.117 
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measured, the wavelength error calculated, and plotted in Figure 38. It 
can be seen that the wavelength error curve is a smooth function of 
wavelength. The measured atomic emission maximum for each calibration 
line never varied more than +0.01 nm at constant temperature. 
To understand the wavelength correction factors, it is useful to 
examine the equations that describe the selection of a given wavelength. 
The relationship between the diffraction grating angle and the 
wavelength that passes through the exit slit is described by 
equation 103 (99). 
A*n=2*d*sine*cos^ (103) 
where: 
n=order number 
/\=wavelength passed through exit silt 
0 sangle of grating rotation at A 
d=spacing between successive grating lines in nm (847.46 nm) 
(0=exit beam angle (17.5 degrees) 
If we consider Figure 39 where: 
x=linear distance traveled by sine-bar contact 
pin along the leadscrew 
x=NP 
N=number of turns of the leadscrew 
P=pitch of leadscrew threads (32 threads/inch) 
r=length of sine-bar (8.420 inches) 
Figure 38. Experimental Results: Wavelength Error (nm) vs. 
Wavelength (nm) 
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Figure 39. Monochromator Diagram 
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k=cos (D where (9=17.5 degrees 
we can then rewrite equation 1 such that the wavelength selected is 
described by the physical dimensions of the monochromator and N in 
equation 104 or x in equation 105: 
A=2«d»k»P«N (104) 
n*r 
or 
^ =2*d*k«x (105) 
•MPMVNMMMM4 
n*r 
If we consider first order wavelengths only at constant temperature 
all of the independent variables in equations 104 and 105 are fixed 
except for N or x respectively. In reality the pitch of the leadscrew 
varies considerably. All of the mechanical and optical components of 
the monochromator can be expected to shift with temperature by different 
amounts due to differences in their thermal expansion coefficients. 
Using the physical dimensions for the monochromator and 
equation 105, it is possible to calculate the error in the linear 
distance traveled by the sine-bar contact pin along the leadscrew that 
leads to an error of 0.10 nm. One Inch In linear travel by the sine-bar 
contact pin along the leadscrew will produce a wavelength change of 
192 nm. The total error of the components used to construct the 
158 
monochromator leadscrew sine-bar assembly must then produce an error of 
less than or equal to +1/2000th of an inch in the linear distance 
traveled by the sine-bar contact pin if the wavelength error is to be 
less than +0.10 nm. 
4.4.17 Form of Error Equation at Constant Temperature. 
The measured wavelength (Am) at any temperature is equal to the 
wavelength read on the mechanical counters plus the wavelength error as 
in equation 106. 
Aa=Ai-Ae(X) (106) 
where: 
,Aa=actual wavelength 
^sindicated wavelength (wavelength read 
on mechanical counters) 
Ae(M=wavelength dependent absolute wavelength error 
Note that the wavelength error is a function of the wavelength, or more 
accurately, a function of the sine-bar contact pin position. 
Rearrangement of equation 106 provides: 
Ae^)=Ai-*a (107) 
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The constants in equation 104 and 105 can be rewritten for a 
monochromator as: 
^ • ( 1 + f W ) (108) 
where: 
Ka=actual value for constant in monochromator 
K^=nominal value for constant in monochromator 
f(A) =wavelength dependent relative error for the 
dimensional constant 
If we ignore the effects of non-peridoic effects in the diffraction 
grating (i.e. Roland's ghosts) then at constant temperature f(A) should 
be a constant for all of the dimensions in equations 104 and 105, except 
for the pitch of the leadscrew. For example, the line spacings in the 
diffraction grating may be slightly more or less than 847.46 nm. The 
effect of constant errors can be compensated for by altering the length 
of the sine-bar. The error in the pitch of the leadscrew is a result of 
errors in manufacturing and varies depending on the master leadscrew 
used to cut the precision leadscrew and the history of the precision 
leadscrew itself. 
The relative error function for each monoohromator dimension can be 
separated from the dimension in equation 105 to generate a composite 
relative error equation: 
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f*(^)=Cl+fd(A))*(l+Fk(A)) (109) 
(l+fp(X)) 
where: 
f'(^)=composite error equation 
f'(A)'l 
fj(A)=wavelength dependent error for d 
f^(A)=wavelength dependent error for k 
f
r(A)=wavelength dependent error for r 
The indicated wavelength Is the equal to: 
Ai=2«d*k*f'(^»x(A) (110) 
n*r 
x(M= is the distance traveled by the sine-bar 
contact pin along the leadscrew as a function of 
on the wavelength readout 
For an ideal monochromator x(A) would be a linear function of N 
related according to the pitch of the leadscrew. Because the pitch 
varies along the length of the leadscrew and x Is not zero when N is 
zero and x(A) is composed of three components. The effective pitch of 
the leadscrew is the instantaneous pitch at any point along the 
leadscrew. The error in the effective pitch of the precision leadsorew 
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is dependent on several sources of error: (a) errors In the leadscrew, 
(b) wobble in the leadscrew contact pin, Co) errors in relative flatness 
of leadscrew contact pin and sine-bar contact pin, and (d) error in 
correction of the constant dimensional errors with the sine-bar length 
adjustment. 
Ai=K'»f'(A)*(xt+xe(A)+x0) (111) 
where: 
K'=composite theoretical value for constants 
in equation 105 
K'=2»d*k*p/(n*r) 
Xj=linear travel due to the nominal pitch 
of the leadscrew 
VVN 
x (A) =accumulated error in linear travel from 
N equals zero 
xQ=error in linear travel when N equals zero 
The accumulated error in linear travel results from the difference 
between the effective (or actual) pitch and the nominal pitch of the 
leadscrew. Substituting equation 105 and 111 into equation 107 we 
obtain: 
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AQ(A)=k'*(f '(A)*(xe(A)+x0)+(fCA)-i)*A i+>e(zo) (112) 
using equation 3 to convert f'(A)»xQ toA g (zo) and x. t o A ± equation 112 
becomes: 
Ae(A)=k'*f ' (A)*xe(A)+(f ' ( \ )-1)*A l+/yzo) (113) 
In the ideal monochromator f'(A)=1, x (N)=0 , and A (zo)=0. In 
practice A a (zo) , f'(A) are constants, x (N) i s of unknown functionality 
and are dependent on the mechanical components that compose the 
monochromator. Equation 113 indicates t ha t the wavelength error curve 
wil l have three terms: (a) a constant wavelength offset (A (zo)) , (b) a 
l inear term ((f ' (A)-1)»A i) , and (c) a term of unknown functionality 
(k'»f '(A)*xQ(A)). 
The objective when correcting errors in mechanical components is to 
determine a reasonable approximation to the overall error function. 
This requires that the functionality of the composite error ( f ' (A)) , 
accumulated error in the l inear travel from zero (x ( J J ) ) , and the zero 
order error (Ag(zo)) be determined. These errors most likely resul t 
from manufacturing errors in the precision leadscrew and errors in 
adjustment of the monochromator. 
4.4.18 Results of Data Fit. 
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Inspection of the plot of the error in the wavelength as a function 
of wavelength as shown in Figure 38, suggests the use of a sine curve 
model to fit the data. This along with equation 113 suggests 
equations 114 and 115 as possible test equations for the wavelength 
error. 
Ae(A)=K0+K1»At+K2*sin(K3*Ab+K4) (114) 
A
 e (A) =K0+K 1 »At+K2*sin (K3*At+Ki,) 
+K5*sin(Kg*At+K7) (115) 
where: 
Kpserror in zero order wavelength 
K^=error in constant correction 
Kg,Kc=sine amplitude 
Ko,Kg=sine angular velocity 
Kj|,Ky=sine phase angle 
The data collected were f i t on the University of I l l i n o i s Cyber 175 
computer using a simplex (102) f i t t i n g program (MONCOR) written to f i t 
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the test equations. The fitting program minimizes the weighted sum of 
the square of the residuals. The weight for each data point is 
proportional to the interval between the data point and its nearest 
neighbors. MONCOR also calculates the correction factors used in an 
improved version of the monochromator program. Weighting the sum of the 
residuals according to the distance between the data point and its 
nearest neighbors, fit equation 114 poorly in the high density data 
region as tabulated in Table 5 and plotted in Figure 40, but fit 
equation 115 to within +0.025 nm for all data points as tabulated in 
Table 6 and plotted in Figure 41. The results for K. are tabulated in 
Table 7 for equations 114 and 115. 
The fitting parameters, KQ and K,, are the only parameters that 
can be assigned any real significance. K- should correspond to the 
error in the zero order wavelength, and K to the error In the 
correction of the error in the dimensional constants by the sine-bar 
length adjustment. 
Additional terms when added to the fitting equation improves the 
fit, but only slightly compared to the additional computer time required 
to carry out the calculation. The microprocessor controller enables the 
overall performance of the monochromator to be improved beyond its basic 
specifications, as well as providing the automation features. 
Thus, it is possible to correct the wavelength of the monochromator 
to better than +0.025 nm from an uncertainty of up to 
0.12 nm by collecting wavelength information and fitting the wavelength 
error curve to a test equation. Then the microprocessor program 
automatically corrects the wavelength readout as the monochromator 
TABLE 5 Correoted Wavelengths Equation 114 
I 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
WAVELENGTH WAVELENGTH 
LITERATURE MEASURED 
206.191nn 
213.856 
214.438 
226.502 
228.802 
231.284 
240.488 
241.052 
250.229 
255.809 
257.309 
267.764 
274.887 
276.406 
288.077 
298.063 
308.083 
313.317 
325.253 
326.106 
328.233 
330.259 
334.502 
340.365 
346.620 
350.000 
358.120 
361.051 
371.994 
371.994 
373.713 
382.043 
388'. 628 
389.971 
441.570 
467.816 
468.014 
479.992 
481.053 
519.316 
556.962 
570.940 
643.847 
1 206.078nm 
213.742 
214.332 
226.422 
228.712 
231.202 
240.442 
241.000 
250.161 
255.749 
257.246 
267.728 
274.854 
276.382 
288.082 
298.082 
308.116 
313.342 
325.286 
326.148 
328.284 
330.303 
334.562 
340.422 
346.680 
350.054 
358.210 
361.112 
372.088 
372.082 
373.812 
382.132 
388.728 
390.066 
441.636 
467.860 
468.066 
480.030 
481.090 
519.304 
556.910 
570.860 
643-730 
ERROR 
-.113nm 
-.114 
-.106 
-.080 
-.090 
-.082 
-.046 
-.052 
-.068 
-.060 
-.063 
-.036 
-.033 
-.024 
.005 
.019 
.033 
.025 
.033 
.042 
.051 
.044 
.060 
.057 
.060 
.054 
.090 
.061 
.094 
.088 
.099 
.089 
.100 
.095 
.066 
.044 
.052 
.038 
.037 
-.012 
-.052 
-.080 
-.117 
CALCULATED 
ERROR 
-.089nm 
-.085 
-.084 
-.076 
-.074 
-.072 
-.064 
-.063 
-.054 
-.048 
-.046 
-033 
-.024 
-.022 
-.007 
.006 
.019 
.026 
.040 
.041 
.044 
.046 
.051 
.057 
.063 
.066 
.073 
.075 
.083 
.083 
.084 
.088 
.090 
.090 
.078 
.054 
.054 
.040 
.039 
-.013 
-.065 
-.081 
-.117 
DIFFERENCE 
.024nm 
.029 
.022 
.004 
.016 
.010 
-.018 
-.011 
.014 
.1312 
.017 
.003 
.009 
.002 
-.012 
-.013 
-.014 
.001 
.007 
-.001 
-.007 
.002 
-.009 
-.000 
.003 
.012 
-.017 
.014 
-.011 
-.005 
-.015 
-.001 
-.010 
-.005 
.012 
.010 
.002 
.002 
.002 
-.001 
-.013 
-.001 
-.000 
Figure 40. Fit of Data in Figure 38 using Equation 114 
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TABLE 6 Corrected Wavelengths Equation 115 
I 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
WAVELENGTH 
LITERATURE 
206.191nm 
213.856 
214.438 
226.502 
228.802 
231.284 
240.488 
241.052 
250.229 
255.809 
257.309 
267.764 
274.887 
276.406 
288.077 
298.063 
308.083 
313.317 
325.253 
326.106 
328.233 
330.259 
334.502 
340.365 
346.620 
350.000 
358.120 
361.051 
371.994 
371.994 
373-713 
382.043 
388.628 
389.971 
441.570 
467.816 
468.014 
479.992 
481.053 
519.316 
556.962 
570.940 
643.847 
I WAVELENGTH 
I MEASURED 
i 206.078nm 
213.742 
214.332 
226.422 
228.712 
231.202 
240.442 
241.000 
250.161 
255.749 
257.246 
267.728 
274.854 
276.382 
288.082 
298.082 
308.116 
313-342 
325.286 
326.148 
328.284 
330.303 
334.562 
340.422 
346.680 
350.054 
358.210 
361.112 
372.088 
372.082 
373.812 
382.132 
388.728 
390.066 
441.636 
467.860 
468.066 
480.030 
481.090 
519.304 
556.910 
570.860 
643.730 
ERROR 
-.113nra 
-.114 
-.106 
-.080 
-.090 
-.082 
-.046 
-.052 
-.068 
-.060 
-.063 
-.036 
-.033 
-.024 
.005 
.019 
.033 
.025 
.033 
.042 
.051 
.044 
.060 
.057 
.060 
.054 
.090 
.061 
.094 
.088 
.099 
.089 
.100 
.095 
.066 
.044 
.052 
.038 
.037 
-.012 
-.052 
-.080 
-.117 
CALCULATED 
ERROR 
-.101nm 
-.096 
-.095 
-.085 
-.083 
-.081 
-.071 
-.070 
-.059 
-.052 
-.050 
-.036 
-.026 
-.023 
-.006 
.009 
.023 
.030 
.046 
.047 
.050 
.052 
.057 
.063 
.069 
.072 
.078 
.080 
.085 
.085 
.086 
.088 
.089 
.090 
.071 
.048 
.048 
.036 
.035 
-.011 
-.060 
-.077 
-.118 
DIFFERE; 
.012nm 
.018 
.011 
-.005 
.007 
.001 
-.025 
-.018 
.009 
.008 
.013 
.000 
.007 
.001 
-.011 
-.010 
-.010 
.005 
.013 
.005 
-.001 
.008 
-.003 
.006 
.009 
.018 
-.012 
.019 
-.009 
-.003 
-.013 
-.001 
-.011 
-.005 
.005 
.004 
-.004 
-.002 
-.002 
.001 
-.008 
.003 
-.001 
VO 
Figure 41. Fit of Data in Figure 38 using Equation 115 
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TABLE 7 Results of Weighted Data Fit 
Equation 12 Equation 13 
KQ 1*43 E-2 nm 
K1 -5.29 E-5 » 
K
2 -9.88 E-2 » 
K3 1.39 E-2/nm 
K4 -9.16 E-1 » 
K5 
K6 
K? 
* unitless 
-1.51 E-2 nm 
5.44 E-6 » 
1.02 E-1 * 
1.33 E-2/nm 
-3.75 E+0 » 
3.93 E-3 » 
3.28 E-2/nm 
-3.53 E+O « 
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scans. The correction factors for equation 115 are plotted along with 
the experimental data in Figure 42. 
4.4.19 Effeot of Temperature on Accuracy. 
Small shifts in the wavelength error result from changes in 
temperature. This section develops a strategy for correcting wavelength 
errors due to changes in temperature. Although data is presented to 
demonstrate the shift in the wavelength error due to temperature, no 
attempt is made to calculate results or apply the equations derived 
because of the limited amount of data. It might appear that the 
correction of wavelength errors caused by changes in temperature would 
be easy. Since we know that the equation describing the expansion or 
contraction of solids with changes in temperature is: 
L=L0*(i+cl*T+p*T2+V'*T3+....) (116) 
where: 
^s,^,Y=expansion coefficients 
T=temperature 
And in most cases for small changes in temperature this should 
simplified to: 
L=L0*(1^T) (117) 
to 
Equation 115 " e d o n p l S " r . 4i
 f r o m 
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this means that equation 108 could be rewritten: 
K =K *(1+fU))*f(T) (118) 
a i 
where: 
f(T) = (1+*.T)/(1+cW ) 
s 
^expansion coefficient 
T=teraperature 
T sstandard temperature 
In reality if we assume linear expansion and contraction of all 
components, we might expect the dimensions as written in 
equations 104 or 105 to expand or contract linearly. But physical 
differences in the reference points applied to the components of the 
monochromator cause some components to shift their zero reference point. 
For example, the zero order position of the leadscrew occurs at 
approximately 1/10th of the length of the leadscrew. This point is 
unlikely to act as the center of expansion. Thus again, we would expect 
the error equation to be of the form: 
Ae(A,T) = (f'(A)*f'(T)-1)»Ai+Ae(zo)+Ae(zo,T) (119) 
where: 
176 
\e(X,T)=wavelength and temperature dependent error 
f'(T)=composite error equation for 
thermal expansion 
f'(T)=1 
Ae(zo,T)=zero order error due to the difference 
in temperature 
The fit of the data for errors due to shifts caused by changes in 
temperature can be calculated by determining f'(T) andA (zo,T). f'(T) 
should correct for linear shifts in the experimental error (expansion or 
contraction) and Ae(zo,T) should correct for differences in the zero 
order error (shifts in reference points). 
As the temperature changes within the monochromator f'(/\) andA (zo) 
should remain nearly constant, while f'(T) andA (zo,T) will shift. 
Thus, defining the error as a result of temperature changes and as a 
function of wavelength: 
Ae^A>T3,T)=Ae(A,Ta)-Ae(A,T) (120) 
where: 
Ae(A>T )=wavelength and temperature dependent error 
at standard temperature 
y. (\,T)=wavelength and temperature dependent error 
at any arbitrary temperature 
by definition at standard temperature (T=T ), f'(T )=1 and \Azo,T)=0 
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we obtain: 
^
 e(A»Ts»T)=f'(N)»A1-f'(^*f'(T)*Ai-Ae(zo,T) (121) 
or 
Ae(/V,Tg,T) = (1-f'(T))*f'(X)*Ai->e(zo,T) (122) 
since f'(A) was determined from the fit of equations 114 and 115, f'(T) 
a n dA e(zo,T) are the only unknowns in equation 122. Equation 122 can be 
converted to a linear form: 
Y=aX+b (123) 
where: Y=Ae(\,Tg,T) 
x=f^)«Ai 
a=1-f'(T) 
b=-Ag(zo,T) 
The data for this portion of the experiment was collected using a 
mercury hollow cathode lamp. The measured wavelength is slightly 
dependent on temperature, as shown in Table 8. Thus, for the best 
accuracy, the monochromator should be calibrated at the temperature at 
which it is to be used. Also, data can be collected for a few points in 
TABLE 8 Effect of Temperature on Wavelength Error 
Literature 
Wavelength 
253.65 nm 
365.01 
404.66 
435.84 
546.08 
Error 
24.0 C 
-0.11 nm 
0.05 
0.07 
0.06 
0.02 
Error 
25.1 C 
-0.10 nm 
0.07 
0.11 
0.07 
0.04 
Error 
27.1 C 
-0.08 nm 
0.09 
0.11 
0.08 
0.05 
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the region of i n t e r e s t , and the wavelength shift oan be calculated for 
the operating temperature by comparing t h e s e data to the calibration 
values at a standard temperature. The genera l trend for th i s data i s to 
decrease with decreasing temperature as shown i n Figure 43. Using 
equations 113 and 117, errors could b e calculated for the standard 
temperature and non-standard temperatures. For 27.1 C equations 115 and 
119 are by definit ion equal. For 24.0 and 25.1 C equation 119 should 
calculate the shif t in wavelength due to changes in temperature. 
4.5 Monochromators in Luminescence Measurement Systems. 
Excitation and emission monochromators used for molecular 
luminescence measurements effect the transmitted radiation in much the 
same way. The selection of the proper g ra t ings to improve sens i t iv i ty 
and limit the amount of stray light i s important. The excitation 
wavelengths used in th i s study are in the near ul t raviolet . The 
exoitation monochromator contains a g r a t i n g blazed at 250 nm. The 
emission wavelengths are from about 375 to over 60O nm. The emission 
monochromator grating i s blazed at 500 nm. 
4.6 Reference Beam Splitter/Photomultiplier Tube. 
The reference beam splitter/photoraultiplier tube, as shown In 
Figure 44, functions as a reference to c o r r e c t for fluctuations in the 
exoitation source and to correct excitation spectra for differences in 
the excitation l ight In tens i ty with wavelength. Normally the reference 
0.15 
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0.05 
UJ 
sz 
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Figure 43. Effect of Temperature on Wavelength Error Oo 
O 
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Quartz plate 
Figure 44. Reference Beam Splitter/Photomultiplier Tube 
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intensity is considered to be a constant fraction of the total 
excitation light passing from the excitation monochromator. 
Unfortunately the accuracy of the reference beam 
splltter/photomultiplier tube module is affected by several important 
instrumental factors. As light from the source pa33es through the 
excitation monochromator it is polarized, as shown in Figure 45. This 
polarization is a function of the monoohromator and the wavelength 
selected (103). Because the beam splitter is at a 45 degree angle, it 
preferentially reflects one polarization (104). Since the index of 
refraction is a function of wavelength, the reflected polarization is 
also a function of wavelength (104). Thus, the reference beam intensity 
will not be a constant fraction of the total light intensity, because 
the beam splitter either over or under samples the excitation beam, with 
a constantly changing ratio. 
If qualitative analysis is to be performed, correction of the 
measured reference intensity for polarization must be made, in addition 
to corrections for photomultiplier tube wavelength sensitivity 
differences. Since at any given wavelength these factors remain fixed 
correction need not be performed for quantitative analysis using 
room-temperature phosphorescence. The polarization of the exoitation 
light beam should not effect the phosphorescence signal emitted from the 
sample, since the sample matrix is highly light scattering. 
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Figure 45. Polarization vs. Wavelength for a Xe Arc Lamp after passing 
through a GCA/Mcpherson EU-700 Monochromator 
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4.7 Sample System. 
The sample chamber used in the measurement system is designed for 
simplicity, while using the longlived nature of the phosphorescence to 
discriminate between the phosphorescence emitted by the sample and 
fluorescence and scattered light. 
The sample is prepared on a strip of filter paper and attached to 
the sample holder, as shown in Figure 25. The sample is then rotated at 
several thousand revolutions per minute. 
4.8 Emission Photomultlplier Tube. 
A 1P28 photomultlplier tube was used for the emission detector 
because of its low cost an$ high sensitivity in the spectral region of 
the phosphorescence emission. 
4.9 Master Microprocessor. 
The master microprocessor controls the collection of data, 
calculation of results, and display of raw data along with the final 
results of data analysis. The master microprocessor Is capable of 
running BASIC, assembly language programs or a combination of both. The 
main program is written in BASIC and the subroutines are written in 
assembly language. The system input/output and memory utilization are 
indicated in Table 9. The system is built using the ADD 8080 
microprocessor system designed by Avery (97) and Lovse (98). The system 
TABLE 9 Main Microprocessor Memory and Input/Output Space Allocation 
Memory Space 
BASIC interperter 
System Monitor 
BASIC RAM 
Data collection/plotter/ 
analysis program 
Program variables 
Monitor stack and 
variables 
Video RAM 
0000-1FFFH 
2000-27FFH 
4000-5BFFH 
6000-76FFH 
7E00-7EFFH 
7F00-7FFFH 
C000-D7FFH 
Input/Output Space 
Counter card 
8259 for 9511 
9511 
8255 for TPP 
8251 SIO for excitation 
monochromator 
8251 SIO for emission 
monochromator 
8251 SIO for TTY 
00-OFH 
20-21H 
22-23H 
54-57H 
F4-F5H 
F6-F7H 
F8-F9H 
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also contains several input/output devices designed part icularly for 
t h i s instrument and an AM 9511 math processor (Advanced Micro Devices, 
Inc . , 901 Thompson Place, Sunnyvale, CA, 94086) for high speed 
calculations within the assembly language routines as shown in 
Figure 46. 
4.10 Instrumental Interface. 
The interface between the master microprocessor and the measurement 
instrument i s straightforward. The monochromator wavelengths are the 
only controlled variables within the measurement system that are 
regularly changed. In addition, the system measures the output currents 
from the reference and emission photomultlplier tubes. 
The monochromator controllers handle a l l of the overhead for * 
movement of the monochromators to the wavelengths selected by the master 
microprocessor. Communication between the master microprocessor and the 
monochromator control lers occurs over dif ferent ia l ly driven se r ia l 
l i nes . When the master microprocessor i s ready to collect data i t t e s t s 
signals returned by the monochromator controllers to determine if the 
controllers are at the proper wavelengths. If the monochromator i s at 
the wrong wavelength the master microprocessor generates the proper 
signals to correct t h i s error. 
The currents produced by the photomultiplier tubes are converted to 
TTL level signals with a charge to count converter as shown in 
Figure 47. The counts generated by the charge to count converter are 
then counted using a 100 MHz counter card as shown in Figure 48. The 
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counter card interfaces directly with the microprocessor bus. The 
signal from the charge to count converter is normally counted for 2 to 3 
seconds, but may be integrated for up to 8.125 seconds. 
4.11 Input/Output. 
The teletypewriter (TTY), video monitor (TV), and thermal plotter 
printer (TPP) are implimented to maximize effiency, while maintaining 
the quality of information provided to the experimenter, and limiting 
operator errors. Each of these devices interfaces through an approprate 
interface to the master microprocessor bus. 
The TTY is used by the master microprocessor to obtain instructions 
for data collection and analysis from the operator. The master 
microprocessor also uses the TTY to display raw data, indicate errors in 
operation and to provide instructions to the operator. The TTY 
communicates with the master microprocessor through a standard serial 
input/output card (97,98). All instructions input through the TTY are 
checked by the master microprocessor to eliminate any obvious errors. 
The TV plots any spectra collected by the measurement system. The TV 
interface is shown in Figure 49 (105). The TPP provides hard copy of 
the raw data and spectra using the interface in Figure 50 (106). 
4.12 Programs. 
In general when using a higher level language like BASIC the 
programmer sacrifices execution speed for ease in programming. Assembly 
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Figure 49. TV In te r face 
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language programs execute much faster but are harder to program and 
debug. The programs written for this experimental system were written to 
optimize versatility and speed. The main program and the input/output 
routines (except for the plotting routines) are written in BASIC. The 
data collection, plotting, and analysis subroutines are written in 
assembly language to optimize speed. 
Interaction between the main program and the subroutines requires 
some planning because of the difference between the BASIC floating point 
numbers and the 9511 floating point numbers. The main program assigns 
locations to variables common to both. At the beginning of the assembly 
language routines is a location jump list for all of the assembly 
language subroutines. This location jump list keeps changes in the main 
program to a minimum even if major changes are made to the subroutine. 
The location of the varibles is determined and tabularized by the 
assembly language subroutine FIND. Because of differences between BASIC 
and 9511 floating point numbers as indicated in Figure 51 the variables 
are converted to 9511 floating point as they are needed (CO8095) and 
converted back before returning to the main program (CO9580). 
(a) 
Value = Mantissa X 2 E x p o n e n t 
(b) 
EExp orient 
SlSl i i i i i 
Mantissa-
i i i i i i i i i i i i i i i i i J—L 
3 
1 
2 
4 
0 
(c) 
Exponent 
i i i i i i i 
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i i i ' ' • • ' • ' ' ' ' ' ' • 
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1 
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4 
0 
Figure 51. Differences Between 8080 BASIC Floating Point Numbers and 
9511 Floating Point Numbers 
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CHAPTER 5 
Considerations for Quantitative Analysis by RTP 
5.1 Introduction. 
The chemical matrix of the sample can change the phosphorescence 
excitation-emission distribution, intensity, and lifetimes (35,38). 
Heavy atoms and differences in the matrix salt composition can cause 
shifts in intensity and spectral distribution as shown in Figure 52. 
Therefore, accurate determinations of concentration are normally 
difficult without a knowledge of the composition of the sample matrix. 
'If the exact composition of the sample matrix is not known, a 
strategy must be developed to first calculate the spectral distribution 
of the phosphor, and then extract the intensity of the phosphor from the 
sample. Large errors in precision occur because of variability in 
sample preparation and measurement as indicated in Table 10. The errors 
In precision can likely be reduced by the use of an internal standard. 
The quantitation of the analyte and internal standard signals, are 
vO 
Figure 52. Emission Spectra of 5 mM 1-Hydroxy-2-naphthoic Acid in 
(EM=Emission Maximum): 1 M LiOH (EM=520 nm); 1 M NaOH (EM=530 nm); 1 M 
KOH (EM=535 nm); 1 M NaOH and 1 M NaAc (EM=525 nm); 1 M NaOH and 1 M Nal 
(EM=530 nm) 
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performed here through the novel application of established mathematical 
methods. 
The reasoning behind the use of an internal standard with standard 
addition in RTP is developed in this chapter. In addition, the 
mathematical methods for extracting the integrated intensities of the 
analyte and internal standard are presented. 
5.2 Error Budget. 
It is possible to describe several sources of error In each step of 
the sample preparation and measurement procedure for samples spotted on 
filter paper. These are listed in Table 10. In only a few cases is it 
possible to assign an error magnitude. 
If care is taken in the preparation of sample and standard 
solutions, the error resulting from this step are less than 0.2 percent. 
The transfer of the sample to the paper substrate requires that an 
accurate volume of the sample be spotted in a consistent location on the 
paper, as diagramed in Figure 53. Because in most measurement systems 
excitation and emission spectra of the entire sample spot are measured, 
differences in sample volume and location (due to differences in 
sensitivity across the measurement axis) can be a problem. In addition, 
preferential wieking occurs along the grain of the filter paper. As the 
sample spreads out on the paper the distribution of the analyte Is not 
even. This effect was first noted by Winefordner and could be a 
chromatography-type effect (30). In some classes of compounds, the spot 
is more strongly phosphorescent In the center, and in others at the 
TABLE 10 Possible Sources of Error 
for Room-temperature Phosphorescence 
on Filter Paper. 
1) Standard/sample preparation 
a)Pipetting of standard or sample 
b)Pipetting of reagents 
c)Dilution 
2) Transfer of sample to substrate 
a)Pipetting volume accuracy (5ul) 
b)Positional accuracy of sample spotting 
c)The chromatography effect 
d)Directional wicking of the sample in paper 
3) Drying of sample 
a)Primary drying step 
b)Secondary drying step 
4) Placement of sample in measurement 
system 
5) Measurement system drift 
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Figure 53. Idealized Sample Spot 
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edge. 
Drying the sample spot requires two steps (1-3). In the primary 
drying step, the sample is placed under dry nitrogen and a heat lamp. 
In this step most of the water is driven out of the sample. If the 
sample is dried too long under the heat lamp, the paper substrate 
appears to break down, lowering the measured phosphorescence intensity. 
If the sample is not dried long enough under the heat lamp, the 
phosphorescence never reaches the maximum possible intensity. In the 
secondary drying step, the sample is dried under dry nitrogen alone, 
which removes the remaining water in the sample. Phosphorescence 
emission intensity during the secondary drying step reaches a steady 
state after 5 minutes of drying, as shown in Figure 54. The intensity 
remains nearly constant for over 20 minutes during measurement. 
Measurement system drift can cause errors of several percent. 
If sample drying can be accurately controlled, the remaining causes 
of poor precision are mechanical in nature, except for the 
chromatography effect and wicking. This suggests the usefulness of an 
internal standard to decrease the large relative standard deviations 
encountered in room-temperature phosphorescence. If the internal 
standard is chemically similar to the analyte, the differences caused by 
the chromatography effect and wicking should be small. 
5.3 Internal Standard and Standard Addition in Phosphorescence. 
Few attempts have been reported using an internal standard in 
phosphorescence (11,107,108). Warren, et. al. were the first to report 
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Figure 54. Effect of Secondary Drying 
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the use of standard addition or a combination of internal standard and 
standard addition with room temperature phosphorescence (107). 
In 1961, S. Freed and M. Vise used an internal standard to decrease 
the relative standard deviation of phosphorescence measured at liquid 
nitrogen temperatures (108). Samples often cracked or 3nowed 
non-reproducibly, causing errors as high as 15-20 percent. Use of a 
"monitor" compound that is excited and phosphoresced at wavelengths 
spectrally separate from the analyte reduced this problem. The 
intensities of phosphorescence from both components were measured and 
the ratio of the intensities were calculated. Percent relative standard 
deviations with the monitor were reduced to 2-8 percent. 
H. C. Hollifield and J. D. Winefordner later demonstrated that the 
use of a rotating sample cell improved precisions from 10-20 percent to 
1-4 percent without the use of an internal standard (109). The 
rotations averaged out the non-reproducibility in the position and 
cracking of the sample. 
In 1979, D. Goeringer and H. Pardue used the method of internal 
standard with room-temperature phosphorescence (11). They used a pulsed 
Xenon lamp for a source and an intensified target vidicon for the 
detector. Regression analysis was applied to the experimental data to 
calculate lifetimes and to test the improvement in relative standard 
deviation possible with an internal standard. Without an internal 
standard, a 2.5 ug sample varied In intensity between samples from 6 to 
19 percent. With an internal standard, the precision improved to 
2-4 percent for samples containing 100 to 1000 ng. Data presented 
indicate that the linear range for the compounds extends to less than 
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500 ng. The high cost of this instrument l imits i t s application. 
The spectral distribution of t h e analyte and internal standard must 
be calculated from the excitation-emission matrix of: (a) the sample, 
[S], (b) the sample plus the i n t e r n a l standard, TS+IS], and (c) the 
sample plus the internal standard and added standard analyte, [S+IS+SA]. 
The phosphorescence intensities f o r the analyte and internal standard 
are spectra l ly stripped from the t o t a l phosphorescence emission spectrum 
using factor analysis (6). The i n t e n s i t y of the analyte i s then divided 
by the in tens i ty of the internal standard which provides the normalized 
analyte i n t e n s i t y . For standard addition, the normalized analyte 
in tens i ty i s plot ted vs. the weight of standard analyte added, and the 
analyte concentration computed from the X-intercept. 
5.4 Selection of an Internal Standard. 
The select ion of an internal standard for spectroscopy requires 
chemical equivalence and spec t r a l separation of the analyte and 
standard. Chemical equivalence r equ i r e s t h e use of compounds that are 
in the same chemical class. In add i t ion , i t can be easily argued that 
chemical equivalence requires that the positions of the substituent 
groups have an equivalent relationship with each other . If, as has been 
postulated, room-temperature phosphorescence requires surface 
adsorption (1-3) , parallels can b e made wi th adsorption chromatography. 
The energy of interact ion of the sur face ac t ive groups is dependent on 
both the type of group and the degree of overlap of the group with the 
surface s i tes (110). The degree of* overlap of the surface s i t e s and the 
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active sites on the molecule depend on: (a) the geometry of the active 
sites on the molecule and the surface, (b) surface contours, and (o) the 
chemical nature of groups involved (110). The aromatic ring system of 
the molecule also interacts strongly with the surface active sites. 
Thus, differences in aromatic ring number will change the degree of 
overlap, as shown in Figure 55, and energy of interaction of the 
internal standard with respect to the analyte. For aromatic molecules 
to show spectral separation generally requires the use of an aromatic 
system that is smaller or larger than the aromatic system of the 
analyte. 
The use of a smaller or larger ring system for spectral separation 
creates a chemical difference that results in different energies of 
interaction for the analyte and the internal standard. One possible 
solution to this problem might be to add substituent groups that have 
low energies of interaction, but which change the phosphorescence 
excitation-emission spectrum of the internal standard from that of the 
analyte. For example, the addition of a methyl-group (either 3 or 5) to 
salicylic acid changes the excitation-emission spectrum slightly. 
Unfortunately, the spectral shift is small and becomes statistically 
insignificant at low concentrations of the internal standard and 
analyte. 
5.5 Aocuracy. 
Although an internal standard can solve problems with precision it 
is unable to eliminate errors caused by changes in the sample matrix. 
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Figure 55 . In te rac t ion of Adsorbed Molecules with a Model Surface 
(*=Active S i t e s ) : (a) S a l i c y l i c Acid, 2-Hydroxybenzoio Acid, and 
3-Hydroxybenzoic Acid, (b) S a l i c y l i c Acid, 3-Hydroxy-2-naphthoic Acid, 
1-Hydroxy-2-naphthoic Acid, and 3-Methylsal icyl ic Acid 
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If the chemical nature of the sample is different from the standards, 
the relative intensities of the analyte, the internal standard and the 
background can change with respect to each other. Thus, the ratio of 
the analyte intensity to the internal standard intensity changes. These 
changes, in different matrices, can vary as much as several hundred 
percent. 
Typical chemical species that cause changes in spectral intensity 
(and/or distribution) include sucrose, sodium acetate, silver nitrate, 
and sodium iodide. All of these compounds tend to increase the measured 
phosphorescence intensity (108). Sucrose and sodium acetate appear to 
increase the stability of the sample matrix increasing the 
phosphorescence lifetimes (108). Silver nitrate and sodium iodide 
change the phosphorescence by a heavy atom effect (109). The heavy atom 
effect tends to change the spectral distribution of the phosphorescence 
excitation-emission wavelengths, increases the quantum yield of 
intersystera crossing, increases the quantum yield for phosphorescence, 
and decreases the phosphorescence lifetime. These phenomena indicate 
that quantitative phosphorescence is difficult without the use of 
standard addition in an unknown sample matrix. 
5.6 Factor Analysis. 
The application of the methods of internal standard and standard 
addition are normally limited in lurainesoence speeroscopy by spectral 
overlap between components in the sample. The phosphorescence 
excitation-emission distribution of the analyte and internal standard 
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may be calculated using factor analysis (6). The use of factor analysis 
to spectrally strip the intensities of spectra using standard spectra 
was developed by Warner, Christian, Davidson, and Callis (64). Their 
work is based on rank analysis as developed by Weber (67). Rank 
analysis allows the determination of the number of components in the 
excitation-emission matrix. Rank analysis as described by Weber 
requires that the absorption spectra of the components be statistically 
different from each other, and that the intensities be greater than the 
experimental error (67). Factor analysis can be used to determine the 
number of components required to span the excitation-emission data 
spectrum (64). 
The excitation-emission matrix or data matrix [D] is organized with 
the excitation wavelengths in columns and emission wavelengths in rows. 
The matrix elements are proportional to the photocurrents at the 
corresponding excitation-emission wavelength pair. The matrix has c 
columns and r rows where c is less than or equal to r. Calculations 
where r is greater than o provide the same results, but require larger 
covariance matrices. The data analysis time increases with increasing 
covariance matrix size. Normally c is 6 and r is 9 for the analyses 
described in this paper. Wavelengths are selected to cover both the 
analyte and internal standard with several points. 
Principle factor analysis is composed of four steps: (a) calculation 
of the covariance matrix, [Z], (b) calculation of the eigenvectors, 
C.s, and eigenvalues, Lj,s, (c) calculation of residue matrices, rR-iL 
and (d) determination of the number of primary factors, n. The 
covariance matrix, [Z], is calculated by premultiplying the data matrix, 
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CD], by i t s transpose CD]'. 
CZ]=CD]'»CD] (124) 
The eigenvectors that span the data space also span the covariance 
matrix (6). Eigenvectors are calculated using an iterative procedure 
unti l C. is self consistent according to equation 125. 
CZ]»C i=L i»C i (125) 
As a s tar t ing approximation the elements of the eigenvector C. . (on the 
left side of the equality sign) are se t equal to one divided by the 
square root of the number of columns in the covariance m a t r i x . The 
eigenvalue is equal to the the square root of the sum of the squares of 
the elements of the vector produced by the multiplication of the 
covariance matrix and the vector on the l e f t side of equation 125. The 
normalized eigenvector on the right side of the equation is calculated 
by dividing the eigenvalue into each element produced by this 
multiplication. The normalized eigenvector i s subsituted for C on the 
left side of the equality sign. The process is then repeated until 
C. on the right side of equation 125 dif fers from the C. on t h e lef t 
side at the end of a i tera t ion by less than 0.01 percent. 
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The residual matrix is calculated by subtracting the eigenvalue 
times the eigenvector times the eigenvector transpose as in 
equation 126. 
CRi] = rz]-Li»Ci*C:[ ' (126) 
The resulting residual matrix is subsituted into equation 125 in place 
of the covariance matrix. The next eigenvalue and eigenvector are 
calculated by the same process used to calculate the previous 
eigenvalues and eigenvectors. This process is repeated, subsituting 
[R.] for CZ] in equations 125 and 126 until c eigenvectors and c 
eigenvalues have been extracted. 
5.7 Analysis Program. 
The analysis program is generally organized into four main parts: 
(a) calculation of the excitation-emission matrices of the analyte and 
internal standard, (b) determination of the number of primary factors in 
the data matrices, (c) calculation of the integrated spectral 
intensities of the analyte and internal standard in each sample, and 
(d) calculation of the analyte concentration In the sample. Each of 
these steps are studied in the following sections. 
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5.8 Calculation of the Analyte and Internal Standard EEMs. 
The excitation-emission matrix (EEM) of the sample is measured with 
and without the internal standard. The excitation-emission matrix 
without the internal standard i s then multiplied by a scaling factor , 
F I S ' 
CIS] = CS+IS]-F„#[S] (127) I S 
The scaling factor is var ied unti l the rank of the sample with the 
in terna l standard CS+IS] minus the sample without the internal standard 
CS] times F i 3 one indicating that a l l of the intensity except that 
due to the internal standard has been subtracted. In practice th is i s 
aocomplished by varying F I g u n t i l the second eigenvalue i s at a minimum 
as diagramed in Figure 56 . The resultant matrix Is the 
excitation-emission matrix f o r the in ternal standard [ IS] . The scaling 
factor F j S normalizes the spec t ra l intensi ty of the components common to 
[S+IS] and CS]. This corrects for non-reproducible sample preparation 
and handling. The excitation-emission dis t r ibut ion matrix of the added 
standard analyte, TSA] is calculated by subtracting the sample plus the 
in ternal standard [S+IS] times F , from the sample plus the internal 
standard and added standard analyte [S+IS+SA]. 
rSA]s[S+IS+SA]-F »[S+IS] (128) 
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Figure 56. Log Eigenvalue vs. F for the Calculation of the Standard 
Spectra 
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F_. is varied until the rank of the resulting matrix equals one. 
5.9 Determination of the Number of Primary Factors. 
If an excitation-emission matrix contains no error, the number of 
primary factors is equal to the number of non-zero eigenvalues (6). In 
EEMs containing experimental error the number of non-zero eigenvalues is 
equal to c. C minus n of these eigenvalues, result totally from 
experimental error. If the data analysis program is to decrease the 
number of primary factors by one, it must first determine the number of 
primary factors. Thus, this problem becomes the key to the data 
analysis program. The three standard methods for determining the number 
of primary factors are: (a) calculation of the imbedded error function, 
(b) calculation of the factor indicator function, and (c) comparing the 
real error with the experimental root-mean-square error (6). The first 
two methods can be used to determine the number of primary factors in an 
EEM without relying on any estimate of the error. The third requires a 
knowledge of the root-mean-square error of the measurement. Because the 
measurement error Is calculated for each data point, the third method is 
used in the data analysis program. The first two methods are used by 
the analysis program to test the proper selection of n. These two 
methods are not used by themselves, since the imbedded error function 
sometimes fails and the factor indicator function is empirical (6). 
The number of primary factors is determined by comparing the real 
error (RE) calculated with equation 134: 
RE= 
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nVv 
c (134) 
to the root-mean-square error, (square root of the mean of the variance 
of the data points) for the experimental data. When the RE is 
approximately equal to the root-mean-square error, all of the primary 
factors have been accounted for. The RE Is calculated assuming 
different numbers of primary factors. The calculation is started by 
assuming that only one primary factor exists (i.e. n=1). RE is 
calculated and compared to the root-mean-square error. When RE is 
greater than the root-mean-square error, all of the primary factors have 
been accounted for by RE. The number of prime factors, n, is 
incremented and the procedure is repeated until all of the intensity is 
accounted for experimental error. 
5.10 Calculation of the Integrated Spectral Intensities. 
The calculated excitation-emission matrices CSA] and [IS] are used 
to spectrally strip the excitation-emission matrices of the analyte and 
internal standard from the total excitation-emission matrices of samples 
containing different amounts of the standard analyte and constant 
amounts of internal standard. The spectral intensities of the internal 
standard and the analyte are spectrally stripped by subtracting the 
calculated excitation-emission matrices from the excitation-emission 
matrices by varying the factor F. in each of the following equations 
until the number of prime factors decreases by one, as diagramed in 
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Figure 57 for each of- the data matrix produced by: 
[D^sCS+ISl-F^ClS] (129) 
[D2]=[S+IS]-F2*CSA] (130) 
tD3]=CS+IS+SA]-F3*ClS] (131) 
rD4]a[S+IS+SA]-Fij»[SA] (132) 
5.11 Calculation of the Analyte Concentration. 
F 1 , F2, F3, and F4 are the intensity due to CIS] in CS+IS], [SA] in 
[S+IS], Cis] in [S+IS+SA], and [SAl in [S+IS+SA], respectively. 
^2^1 Sives the normalized intensity of the analyte and F|j/Fg gives the 
normalized intensity of the analyte plus the added standard. These 
factors are then used to calculate the standard addition curve for the 
sample matrix, as shown in Figure 58. Mathematically, this is condensed 
into equation 133: 
1 
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Figure 57. Log Eigenvalue vs. F± f o r the Calculation of the Integrated 
Spectral In tensi ty 
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CAsCS»(P2/F.1)/(Pjl/FrF2/Fl) (133) 
CS is the concentration of the added standard and CA is the 
concentration of the analyte in the sample. Calculation of the 
concentration of the analyte takes about one minute after data 
collection. 
5.12 Excitation/Emission Decay Curves. 
It should be possible in the future to apply this method to 
experimental data obtained using high intensity pulsed sources (I.e. 
N2-lasers) by using emission-time matrices. A complete data matrix 
could be collected rapidly with an intensified photodiode array detector 
and a pulsed source. Factor analysis if applied to emission-decay 
matrices would require that the phosphorescence lifetimes be 
statistically different. The mathematical procedures for analysis of 
emission-decay time matrices are equivalent to those for EEMs. 
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CHAPTER 6 
Specific Examples of Quantitative RTP 
The data presented in this chapter demonstrates the effects of the 
theoretical hypotheses presented in Chapter 3 on quantitative RTP. Data 
is also presented to demonstrate application of RTP to "real" samples 
and indicate the limitations of RTP by the analysis method presented in 
chapter 5. 
6.1 Experimental Verification of Theoretical Hypotheses. 
Two theoretical results from Chapter 3 can be tested using RTP of 
organic molecules adsorbed on filter paper. These results are, 
non-linear behavior of phosphorescence due to surface saturation and 
non-linear phosphorescence intensity at high light intensities. 
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6.1.1 Calibration Curves without an Internal Standard. 
Calibration curves in RTP can follow a form dependent on the sample 
thickness, light absorption, and light scattering properties as 
indicated in Chapter 3. Calibration curves measured by 
Hurtubise (32,88,89) follow the general form of plots In Figures 14, 15, 
and 16 for optically thick samples. Calibration curves for salicylic 
acid on filter paper as plotted in Figure 59 follow the general form of 
plots in Figures 14, 15, and 16 for optically thin samples. These 
results for both optically thin and thick samples confirm the 
theoretical derivations in the first part of chapter 3. 
6.1.2 Calibration Curves with an Internal Standard. 
Calculations performed in Chapter 3 indicate that the ratio of the 
phosphorescence emission intensity of the analyte to the emission 
intensity of a fixed amount of the internal standard should increase the 
linearity of the calibration curve as in Figure 17. This extended 
linear region extends to a point slightly below the surface saturation 
concentration. Above the surface saturation concentration the 
calibration curve again becomes linear with an intercept and slope 
depending on the competition between the analyte and the internal 
standard for surface sites. This occurs because both the analyte and 
internal standard must compete for available surface sites and 
excitation light. This result was not tested here but future work is 
suggested. 
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6.1.3 Non-linear Behavior with Light Intensity. 
In addition, Chapter 3 indicated that phosphorescence excitation 
intensities should be non-linear at high light intensities. This effect 
is a result of ground state depopulation, and is generally linear with 
concentration at low analyte concentrations. This non-linearity with 
light intensity is graphically demonstrated in Figure 60 with 
1-hydroxy-2-naphthoic acid. Tests of the experimental system indicate 
that this effect is not due to a non-linear system response. Other 
researchers have noted a similar effect (90-93). 
Thus, the theoretical hypotheses presented in Chapter 3 are 
confirmed, both through data presented here and by other researchers. 
6.2 Real Samples. 
In this work several molecular and matrix systems are used to 
demonstrate the principles of internal standard and standard addition 
with room-temperature phosphorescence. These systems include salicylic 
acid and p-aminobenzoic acid in 1 molar sodium hydroxide with and 
without 1 molar sodium acetate added, and salicylic acid in blood serum. 
6.2.1 Salicylic Acid. 
Salicylic acid is a commonly used analgesic and is normally 
administered as acetylsalleylic acid. Although safety caps are required 
on containers containing salicylic acid and other drugs, salicylate 
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Figure 60. Excitation Spectra 1-Naphthoic Acid 1 M NaOH and 1 M Nal: 
(a) Xe Arc Lamp Corrected, (b) Xe-Hg Arc Lamp Corrected, and (c) Xe-Hg 
Arc Lamp Reference spectrum 
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poisoning remains the number one cause of poisoning in children (one in 
four) (111). In addition, over half of all deaths due to salicylate 
poisoning in adults and children are therapeutic (111), caused by 
over-anxious parents, patients whom have forgotten how many asprin 
tablets they have taken, or as a result of the added strain of illness 
(fever, dehydration, or a decrease in renal function) causing a slow 
down in the body's detoxification system. 
Salicylic acid, like a number of other drugs, undergoes a two phase 
transformation in the body, a3 shown in Figure 61. The drug is 
adminstered as acetylsalleylic acid to limit stomach irritation. In the 
first phase, it is hydrolized to form free salicylic acid. Salicylic 
acid is then transported in the blood stream by lipoproteins. In the 
second phase, salicylic acid is transformed into four major products. 
These products are rapidly excreted by the kidneys along with salicylic 
acid in approximately the urine concentrations indicated in Figure 61. 
Concentrations of these products in the blood are low compared to 
salicylic acid, the largest concentration being les3 than one hundredth 
of the blood level of salicylic acid (112,113). In the urine these 
ratios change drastically. The ratio of salicylic acid to 
2-hydroxyhippuric acid is about 1:3 in the urine of a normal individual, 
and changes to about 3:1 in an individual experiencing mild renal 
failure as the result of illness. 
The selection of an internal standard for salicylic acid requires a 
ring system larger than benzene. The hydroxycarboxylic acid derivitives 
of naphthalene or anthracene are possibilities. Chemical equivalence 
requires that the hydroxy and carboxylic acid groups are In adjacent 
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Figure 61. Transformation of Asprin and Salicylic Acid within the Body 
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positions. A search of commercially-available compounds indicates three 
possible internal standards for salicylic acid: 1-hydroxy-2-naphthoic 
acid, 2-hydroxy-1-naphthoic acid, and 3-hydroxy-2-naphthoic acid. The 
phosphorescent excitation and emission spectra are obtained for 
salicylic acid and the three possible internal standards are shown in 
Figure 62. Salicylic acid is spectrally separate from the three 
possible internal standards. 1-hydroxy-2-naphthoic acid is chosen 
because it had the strongest phosphorescence. 
The calibration curves for salicylic acid shown in Figure 63 
indicate a linear region at low concentrations. The curves become 
non-linear at high concentrations. The precision of the measurements, 
expressed as percent relative standard deviations range from 6 to 23 
percent without an internal standard, and 1 to 3 percent with the 
internal standard. 
Addition of 1 molar sodium acetate to the samples causes a shift in 
the ratio of the spectral intensity of the salicylic acid to the 
internal standard of about 150 percent. The relative standard 
deviations of samples containing sodium acetate remain at about 2 
percent. Therefore, the internal standard improves precision, but does 
not correct for ohemical differences in the matrix. Thus, a standard 
addition technique is required to correct for errors in accuracy caused 
by the matrix. Standard addition for salicylic acid in 1 molar sodium 
hydroxide and 1 molar sodium acetate determined the sample weight of a 
172 ng 3ample to be 165 ng. This is an error of 4 percent. 
Only two of the salicylic acid products formed in the body are 
commercially available, gentisic acid and 2-hydroxyhippuric acid. 
VO 
Figure 62. Phosphorescence Emission Spectra for Salicylic Acid and its 
Internal Standard Candidates 
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Gentisic acid exhibits strong fluorescence but no RTP. 
2-hydroxyhippuric acid emits strong phosphorescence on filter paper as 
indicated in Figure 64. Salicyl acyl glucuronide and salicyl phenolic 
glucuronide would be expected to exhibit strong RTP. It is suggested 
that in the future these two compounds be synthesized and measured for 
RTP. 
6.2.2 Salicylic Acid in Blood Serum. 
Several problems can limit the accuracy and precision of 
room-temperature phosphorescence measurements of drugs in blood serum. 
These problems include: (a) distortion of the excitation-emission 
distribution and intensity because of the complex nature of the matrix, 
(b) high phosphorescence background from other species In serum in the 
spectral region of interest, and (c) quenching of the phosphorescence of 
the analyte. An exact survey of the effects for the many components 
that make up blood serum on the analyte would be almost impossible. 
Blood serum is a complex mixture (74) containing: (a) electrolytes and 
gases, (b) carbohydrates, (c) proteins, (d) amino acids, (e) porphyrins, 
(f) lipids, (g) vitamins, etc. Each of these classes of components is 
composed of many different compounds. Fortunately, a background scan of 
blood serum in 1 molar NaOH indicates that only emission from tryptophan 
causes problems in determining the amount of analyte. 
The standard calibration range for salicylic acid in the clinical 
laboratory is between 10mg/100ml and 50rag/100ml. This is equivalent to 
0.5 ug to 2.5 ug in the samples prepared in this 3tudy. Because the 
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linear range extends from 10 ng or less to about 400 ng for salicylic 
acid a dilution by a factor of ten is possible, which decreases the 
effect of the serum matrix during the measurement. Additionally, it is 
possible to measure the concentration of salicylic acid in blood serum 
at concentrations lower than is conventionally possible. 
Serum samples were spiked with normal therapeutical levels of 
salicylic acid and then diluted by a factor of ten. Sodium hydroxide 
added to make the samples 1 molar in sodium hydroxide. Sample weights 
of 50, 100, 150 ng of salicylic acid were determined to contain 54, 97, 
158 ng for errors of 8, 3, and 5 percent, respectively. 
6.2.3 p-Aminohippurio Acid. 
The renal clearance of p-aminohippuric acid (PAHA) is the method of 
choice when testing renal plasma flow. Unfortunately, in the past the 
determination of PAHA has required a bio-assay requiring several days. 
The analysis time has limited the application of thi3 technique to 
research projects only. The phenolsulfonphthalein clearance test is 
more generally used but measures mainly the secretory capacity of the 
tubules. p-Aminohippuric acid is filtered out of the blood by both 
gromerular filtration and tubular excretion (74). 
p-Aminohippuric acid exhibits on RTP when dissolved in 1 molar NaOH 
and prepared on filter paper. PAHA emits strong phosphorescence when 
adsorbed on filter paper or when dissolved In 1 molar NaOH with 1 molar 
NaAc and adsorbed on filter paper as indicated in Figure 65. The 
internal standard of choice, N-(4-amino-naphthoyl)glycine, is not 
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commercially available. 1-Naphthoic acid was tested as a possible 
internal standard as shown in Figure 65. 
6.2.4 p-Aminobenzoic Acid. 
The logical internal standard for p-aminobenzoic acid is 
1-amimo-4-naphthoic acid. Unfortunately, this compound is not 
commercially available. Since the synthesis of this compound would 
probably require the use of 1-naphthalamine and that many naphthalaraines 
are classified as carcinogens, it is felt that synthesis would be 
unwise. Because the internal standard appears to correct for 
mechanical, but not chemical non-reproducibility as demonstrated by 
salicylic acid, exact chemical equivalence may not be necessary. 
Therefore the internal standard* must be selected from a related class of 
compounds. 1-naphthoic acid and 2-naphthoic acid were tested* as 
possible internal standards for p-aminobenzoic acid. 1-Naphthoio acid 
was selected on the basis of emission intensity as shown in Figure 66. 
Calibration curves are obtained that are linear up to 700 ng for 
p-aminobenzoic acid as shown in Figure 67. Relative standard 
deviations, without an internal standard, ranged between 5 and 16 
percent, and, with an internal standard, from 1 to 3 percent. When 1 
molar sodium acetate is added to the sample the ratio of intensity of 
the p-aminobenzoic acid to the internal standard increased by 100 
percent, indicating that standard addition is required. With a two 
point standard addition method, the measured amount of the analyte is 
I80ng, while the actual weight is 171ng. This is an error of 5 percent. 
to 
Figure 66. Phosphorescence Emission Spectra for p-Aminobenzoic Acid and 
its Internal Standard Candidates 
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Results including sample compositions have been tabulated in 
Table 11. They indicate that this method is capable of accuracies of 
better than 8 percent for several analytes in "real" matrices. It can 
be concluded that precision and accuracy are greatly Improved by using 
the methods of standard addition and internal standard with 
room-temperature phosphorescence. 
5.3 Limitations of Quantitative RTP 
The analysis procedure presented here for RTP is limited by the 
guidelines orginally presented by Weber (67). The major limitation 
applied by Weber indicated that the spectra need to be stastically 
different. The following sections explore the limitations that this 
implies and presents data to confirm the expected results. The 
discussion that follows indicates the expected effect that the 
background and ratio of the internal standard to analyte intensities 
have on RTP measurements. The requirement that spectral intensity 
increase with concentration is also discussed. 
t 
6.3.1 Effect of Background. 
Two factors determine if the background will contribute to the 
integrated spectral intensity of a phosphor during analysis, the degree 
of spectral overlap and spectral shape. The requirement that spectra be 
stastically different can be raet in two different ways, either by 
spectral separation or spectral shape. The phosphorescence background 
TABLE 11 Results for Several Sample Determinations 
Analyte Salicylic p-Amino- Salicylic Acid in Serum 
Acid Benzoic 
Acid 
Sample 1 molar NaOH 1 molar NaOH Serum and 1 molar NaOH 
Matrix 1 molar NaAc 1 molar NaAc 
Internal 1-Hydroxy-2- 1-Naphthoic 1-Hydroxy-2-Naphthoic 
Standard Naphthoio Acid Acid 
Acid 
Weight Internal 50 ng 50 ng 50 ng 50 ng 50 ng 
Standard Added 
Actual Analyte 172 ng 171 ng 50 ng 100 ng 150 ng 
Weight 
Weight Added 172 ng 171 ng 150 ng 150 ng 150 ng 
Standard 
Measured Analyte 165 ng 180 ng 54 ng 97 ng 158 ng 
Weight 
Relative 4 5 8 3 5 
Error % 
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from Whatman 1 f i l t e r paper i s broad and without s t ruc ture , as shown in 
Figure 68. Excitation and emission occurs from spectral regions 
generally equivalent to emission from bicylic aromatic compounds. Most 
monocylic aromatic compounds should be analyzable without regard to 
spec t ra l shape if free of other monocylic aromatics. Bicyclic compounds 
wil l require spectral s t ructure . If the analyte i s without spectral 
s t ruc ture and overlaps with the background, then a spectral intensi ty 
offset will occur. 
I f the Internal standard I s not s tas t ica l ly different from the 
background the calculated concentration should be correct assuming that 
the background shi f t s with the analyte and internal standard 
i n t e n s i t i e s . 
0 
6.3.2 Effeot of the Ratio of Analyte and Internal Standard In tens i t ies 
on Error . 
As indicated by Figure 58, the standard addition curve as calculated 
by the analysis program is determined by two points, each of which is 
dependent on the ratio of the analyte and internal standard intensities. 
If photon statistics are assumed, then as either the analyte or the 
internal standard intensities become much larger than the other, it 
tends to bury the other component in noise. The noise from the 
component with the strongest phosphorescence emission will distort the 
calculated spectral distribution of the weaker component. The ideal 
intensity ratio is 1:1. 
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6.3.3 Calculation of Spectra in the Region of Non-linear Intensity 
with Concentration. 
The method of calculating spectral distributions described in 
Chapter 5 depends on the phosphorescence intensity increasing an amount 
several times greater than the experimental noise. If the increase is 
hidden in the measurement noise or if the intensity decreases (as 
happens with optically thick samples) the analysis program will 
calculate spectra consisting of the scatter in the data points. The 
technique of target transformation described by Malinowski and Howery 
may provide a solution to this problem (6). The present mathematical 
method was developed to limit the program size and analysis time. The 
program FACTANAL written by Malinowski, et. al. (6) has been 
successively used to calculate the spectral distributions of multiple 
component mixtures from absorbance spectra. FACTANAL unfortunately 
consists of 1800 executable FORTRAN lines and requires a mainframe 
computer. 
6.4 Conclusion and Future Considerations. 
Room temperature phosphorescence of adsorbed organic molecules has 
the capability to provide sensitive and accurate determinations of a 
number of compounds important in biology and medicine. This thesis 
demonstrates the theoretical, instrumental and practical aspects of 
analysis by RTP. Future work should focus on extending the present work 
to: (a) additional experimental verification of the theoretical 
245 
hypotheses presented in Chapter 3, (b) establishment of routine 
analyses, and (o) calculation of the spectral intensities with target 
testing. 
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Parts List Light Shutter 
Q1-Q3 
V1 
V2 
IC1 
IC2-IC3 
S1-S2 
T1 
F1 
C1,C2 
C3 
R1 
R2 
R3-R5 
R6 
R7 
D1-D2 
D3 
D4 
D5 
2N3725A 
CE750, Varistor, MOVII, General 
V56ZA8, Varistor, MOVI, General 
Bridge Rectifier 
MCT2, Opto-Isolator, Monsanto 
DTSP Switch 
PC-24-1000, transformer, Signal 
Fuse 1A 
0.01 uF Kv 
200 uF 150v 
30 ohm 10W 
300 ohm 5W 
1.7K ohm 
2.7K ohm 
10K ohm pot 
5v LED 
15v zener 
1N914 
5v zener 
Electric 
Electric 
Transformer, Inc. 
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Monochromator Control Board 
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1-
V 
E 
Monochromator Control Board 
IC1 
IC2 
IC3,IC4 
IC5,IC6 
IC7 
IC8 
IC9 
IC10,IC11 
IC12 
IC13 
IC14 
IC15,IC16 
IC17 
IC18 
Q1-Q2 
Q3-Q12 
Q13-Q14 
C1-C2 
C3 
C4 
C5-C6 
C7 
C8-C23 
C24-C25 
J1 
J2 
J3 
J4 
J5 
D1-D4 
D5 
D6-D13 
T1 
T2 
F1 
R1 
R2 
R3-R10 
R11-R22 
R23-R34 
R35-R45 
R46-R48 
5v regulator 
Solid state relay, Crydom 5312 
74LS04 
74LS05 
74LS07 
74LS08 
74LS14 
74LS32 
74LS74 
74LS86 
74LS123 
74LS193 
74LS221 
75452 
SK3506 triac RCA 
2N5681 
2N2222 
0.01M 1Kv 
2500 uF 15v 
500 uF 50v 
68-6 tan. 
10 uF 25v 
0.05 uF 10v 
100J mica 
to monochromator 
to monochromator 
Port A 8255 
Port B 8255 
Interrupts 8259 
1N7852 
1N4744 
1N4148 
Primary GCA/McPherson 
Secondary 
Fuse holder 2-1/2A 3AG 
10K ohm network 
100 ohm 
100 ohm 2W 
330 ohm 
1K ohm 
10K ohm 
33K ohm 
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Filter Selector 
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J1 
R12 
R13 
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Parts List Filter Selector 
IC1 
IC2-IC3 
IC4 
C1 
C2 
C3-C4 
C5-C7 
R1-R11 
R12-R15 
Q1 
Q2-Q12 
J1 
J2 
J3 
Jumper from control board 
7406 
74154 
150 uF 50v 
68-6 tan. 
0.01 uF 1Kv 
0.1 uF 10v 
330 1/4w 
1K ohm 
diode bridge 
SK3506 RCA 
to Port C 8255 
to monochromator 
switoh/fuse 
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Keyboard 
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Parts List Keyboard 
IC1-IC5 
IC6-IC7 
IC8 
IC9 
IC10-IC12 
C1 
C2-C7 
R1-R11 
J1 
J2 
J3 
KB 
KBS 
DL1414 Litronic 
74LS138 
74LS08 
8218 Intel 
74LS348 
68-8 tan. 
0.02 uF 10v 
10K ohm 
from ADD 8080 
I/O address selector 
Power 
Keyboard 
Keyboard Spacer 
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Charge to Count 
268 
269 
270 
EI 5 
-15 v 
OGND 
O l5v 
I in 1 
,GND IC3 
s 
'6 
^r OTP1 
R3 
LB 1 
Or<n2 
AGND C4 
OGND 
8; 
rc 
< O T P 2 
<s/m 
GND< 
Fout2( 
R4 
Parts List Charge to Count 
IC1-IC2 
IC3-IC4 
C1-C2 
C3-C4 
R1-R2 
R3-R4 
R5-R6 
R7-R10 
R11-R14 
8410 Dynamic Measurement Co. 
CA3140S RCA 
1.5 uF 25v tan. 
3.3 uF 35v tan. 
50K ohm 10 turn pot 
1K ohm 10 turn pot 
2.7K ohm 
4.7K ohm 
51 OK ohm 
272 
100MHz Counter 
273 
I\) 
J1 
INOO OIN1 A BCD J2 
• GND 
nRT~l 
IC1 
IC6 IC8 ©E3 
R 
2 
IC3 
<5D 
(sD 
BUS CONNECTOR 
ro 
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Parts List 100MH3 Counter 
IC1-IC2 
IC3 
IC4-IC5 
IC6-IC7 
IC8-IC9 
IC10 
IC11 
C1 
C2-C10 
74LS02 
74LS73AN 
74LS138 
74LS197 
74LS393 
8253 
8255 
68-6 tan. 
0.05 uF 10v 
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Video Board 
278 
279 
BUS CONNECTOR 
IC7 
+y 
IC 5 
\C 6 
J2-
ro 
oo o 
Parts List Video Board 
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IC1 
IC2 
IC3 
IC4 
IC5-IC6 
IC7 
XTAL 
Q1 
C1-C2 
C3 
C4 
C5-C7 
C8 
D1 
R1 
R2 
R3 
R4-R5 
R6 
R7 
R8 
R9 
R10 
R11-R13 
R14 
R15 
74S02 
74LS136 
MC1372 
MC6847 
8282 Intel 
8286 Intel 
3579.545KO 
RS2038 
68-6 tan. 
20pF 
50pF 
0.05 uF 10v 
0.1 uF 
1N914 
10K ohm network 
1K ohm trimpot 
10 ohm 
75 ohm 
360 ohm 
750 ohm 
1.5K ohm 
2K ohm 
5.6K ohm 
10K ohm 
22K ohm 
91K ohm 
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TPP Board 
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Par t s Lis t TPP Board 
IC1 
IC2-IC3 
IC4-IC5 
IC6 
R1-R2 
R3-R6 
C1 
C2-C5 
C6-C11 
74LS04 
74LS138 
74LS221 
8255 In te l 
1K ohm 
15K ohm 
68-6 tan. 
1000pF 
0 .01 uF 
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PROGRAM KPRIM (INPUT, OUTPUT, TAPE6=OUTPUT) 
C 
C 
C COPYRIGHT 1982 BY MALCOLM WAYNE WARREN JR. 
C 
C ALL RIGHTS RESERVED 
C 
Cft*ft*»»**ff*****«*K»*****«tt**ft»*»*»*»ft»ft»*«»»Kft*»**»»X* 
C 
DIMENSION S(9 ) 
DATA S/1 .0E-4O, 0 .25 , 0 . 5 , 1 .0 , 2 . 0 , 4 . 0 , 8 . 0 , 100.0 , 1 .0E40/ 
C 
C INITIALIZE PLOTS 
C 
CALL PLOTSCO.0,0.0,99) 
CALL P L 0 T ( 1 . 0 , 1 . 0 , - 3 ) 
CALL SPEEDOO) 
C 
C PLOT AXES 
C 
CALL AXIS(0 .0 ,0 .0 ,1H , - 1 , 6 . 0 , 9 0 . 0 , 9 9 9 . , 1 . 0 ) 
CALL AXIS(0 . , 0 . , 1H , 1 , 8 . , 0 . , 9 9 9 . , 1 . 0 ) 
CALL AXIS(0 .0 ,6 .0 ,1H , - 1 , 8 . 0 , 0 . 0 , 9 9 9 . , 1 . 0 ) 
CALL AXIS(8 .0 ,0 .0 ,1H , 1 , 6 . 0 , 9 0 . 0 , 9 9 9 . , 1 . 0 ) 
C 
C CALCULATE K' FOR DIFFERENT S VALUES 
C 
DO 1 0 0 Ir1 ,9 
C 
C ST=4.0*S 
C 
ST=S(I )*4 .0 
C 
C MOVE PEN TO ZERO 
C 
CALL PLOT ( 0 . 0 , 0 . 0 , 3 ) 
C 
C CALCULATE K' 
C 
DO 5 0 J=1,41 
C 
C CALCULATE K' 
C 
RJ=J 
RK=(RJ-1.0)/2O.O 
RKX=RK«4.0 
RKP=RK»(2«RK+3*ST)/(2»RK+ST) 
C 
C PLOT K' VS K 
C 
50 CALL PLOT (RKX,RKP,2) 
288 
100 CONTINUE 
C 
C TERMINATE PLOT 
C 
CALL PLOTCO.0,0.0,999) 
STOP 
END 
PROGRAM L6FLUX(INPUT,OUTPUT,TAPE6=OUTPUT) 
C 
Cft*»*o****»»ft»***»»»**ft««**ft*ftft****»*x*»*»»*»ft*«»ftft»* 
C 
C COPYRIGHT 1982 BY MALCOLM WAYNE WARREN JR. 
C 
C ALL RIGHTS RESERVED 
C 
C»*»»*»*JM*««ft*4*******»***#*«*«*»*»»*»**»****»»»»»»»» 
c 
DIMENSION XT(10) 
COMMON SP, BS, BSL, R, RL, S, RKPH, TRANS 
C 
C FILTER PAPER APP 0 .02 CM THICK 
C 
DATA XT/5E-3, 1E-2, 2 E - 2 , 5E-2, 1E-1 , 2E-1, 2E0/ 
C 
C FUNCTIONS 
C 
FSP(RK,S)=(RK*S+6*S*S)/(RK+2*S) 
FRKP(RK,S)=RK*(RK+6*S)/(RK+2«S) 
FB(RK,S)=(RK*RK+2*RK*S)»*0.5/S 
FR(RK,S)=S/(S+RK+(RK*(RK+2*S))»*0.5) 
C 
C INITIALIZE PLOT 
C 
CALL PLOTSCO.0,0.0,99) 
CALL P L 0 T ( 2 . 0 , 1 . 0 , - 3 ) 
CALL SPEEDC10) 
C 
C CALCULATE 
C 
DO 200 IDIR=1,2 
C 
C PLOT AXES 
C 
CALL AXIS(0.0,0.0,1H ,-1,9.0,90.0,999.,1.0) 
CALL AXIS(0.,0.,1H ,1,8.,0.,999., 1.0) 
CALL AXIS(0.0,9.0,1H ,-1,8.0,0.0,999.,1.0) 
CALL AXIS(8.0,0.0,1H ,1,9.0,90.0,999.,1.0) 
C 
DO 100 I=1,7,IDIR 
C 
C 
C 
RKL=1E-5 
SL=100.0 
SPL=FSP(RKL,SL) 
RKPL=FRKP(RKL,SL) 
RL=FR(RKPL,SPL) 
BSL=FB(RKPL,SPL)*SPL 
290 
C 
C 
WRITE(6,1004) 
1004 F0RMAT(»1 XT'SSX^RKL'SeX^RKPL^X^SL'SSX^SPL", 
17X,"RL",8X,»BSLM) 
WRITE(6,1002)XT(I),RKL,RKPL,SL,SPL,RL,BSL 
1002 FORMATC" »,7E10.3) 
WRITE(6,1003) 
1003 FORMATC" RKPH",7X,"RK",7X,"RKP",8X,»SP",8X,"R", 
19X,"BS",8X,»INT") 
C 
C MOVE PEN TO ORIGIN 
C 
CALL PLOT CO.0 ,0 .0 ,3 ) 
C 
c 
DO 50 J = 1 , 2 0 1 , 2 
RJ=J 
C 
C CALCULATE CONCENTRATIONS 
C 
CP=CRJ-1.0)/50.0 
C 
C CALCULATE RK AND S 
C 
RK=1E-4+CP 
S=100.0 
RKPH=CP»FRKP(RK,S)/RK 
PRKPH=CP»2.0 
C 
C CALCULATE OTHER PARAMETERS 
C 
SP=FSP(RK,S) 
RKP=FRKPCRK,S) 
R=FR(RKP,SP) 
BS=FB(RKP,SP)*SP 
C 
C CALCULATE PHOSPHORESCENCE INTENSITY 
C 
C 
C 
WRITE(6,1000)RKPH,RK,RKP,SP,R,BS,RPI 
1000 F0RMATC1H ,7E10.3) 
C 
C PLOT DATA POINT 
C 
50 CALL PLOT (PRKPH,PRPI,2) 
TRANS=(1-R«R)*EXP(BS»XT(I))/(EXP(BS*2*XTCD)-R*R) 
WRITE(6,1001)TRANS 
RPI=PHOSINCIDIR,XT(I),XT(I))-PHOSIN(IDIR,XT(I),0.0) 
PRPI=30.0*RPI 
1001 FORMATC FINAL TRANSMITTANCE= %E10.3) 
100 CONTINUE 
IF(IDIR.EQ.2)G0 TO 200 
CALL PL0T(12.0,0.0,-3) 
200 CONTINUE 
CALL PLOT(0.0,0.0,999) 
STOP 
END 
C 
C 
c 
c 
c 
FUNCTION PH0SIN(IDIR,XT,X) 
COMMON SP, BS, BSL, R, RL, S, RKPH 
AP=(SP/(6»S))»RKPH«(1+R)*(1+RL)/((EXP(BS*2*XT)-R»R)« 
1(EXP(BSL*2»XT)-RL*RL)) 
IF(IDIR.EQ.2)G0 TO 10 
C 
C REFLECTED LUMINESCENCE INTENSITY 
C 
PHOSIN=AP«(C-EXPC(BS+BSL)»(2*XT-X))/(BS+BSL)) 
1+(RL»EXP(BS*(2*XT-X)+BSL»X)/(BS-BSL)) 
2-(R»EXP(BS*X+BSL»(2»XT-X))/(BS-BSL)) 
3+(R*RL»EXP((BS+BSL)*X)/CBS+BSL))) 
RETURN 
C 
C TRANSMITTED LUMINESCENCE INTENSITY 
C 
10 PH0SIN=AP*(((EXP(BS»(2»XT-X)+BSL*(XT+X)) 
1-R »RL»EXP(BS»X+BSL*(XT-X)))/(BSL-BS) 
2+CRL»EXP(BS*(2«XT-X)+BSL*(XT-X)) 
3-R*EXP(BS»X+BSL»(XT+X)))/(BSL+BS))) 
C 
RETURN 
END 
PROGRAM L6FLUA(INPUT,OUTPUT, TAPE6 rOUTPUT) 
C 
c 
C COPYRIGHT 1982 BY MALCOLM WAYNE WARREN JR. 
C 
C ALL RIGHTS RESERVED 
C 
C««ft«*ft»»*********»***ftM**»«*»***»**»ttft*«**««*«ftftft»»»» 
c 
DIMENSION XT(10),X1(2),X2(2) 
COMMON SP, BS, BSL, R, RL, S, RKPH, TRANS 
C 
C FILTER PAPER APP 0 .02 CM THICK 
C 
DATA XT/2E-3, 2E-2 , 2 E - 1 / 
C 
C FUNCTIONS 
C 
FSP(RK,S)=(RK*S+6»S*S)/(RK+2*S) 
FRKP(RK,S)=RK»(RK+6*S)/(RK+2*S) 
FB(RK,S)=(RK*RK+2*RK*S)**0.5/S 
FR(RK,S)=S/(S+RK+(RK*(RK+2*S))»»0.5) 
C 
C INITIALIZE PLOT 
C 
CALL PLOTS(0.0 ,0 .0 ,99) 
CALL P L O T O . 0 , 1 . 0 , - 3 ) 
CALL SPEED(10) 
C 
C 
C 
RKL=1E-5 
SL=200.0 
SPL=FSP(RKL,SL) 
RKPL=FRKP(RKL,SL) 
RL=FR(RKPL,SPL) 
BSL=FB(RKPL,SPL)*SPL 
C 
C CALCULATE RK AND S 
C 
RK=1E-4 
S=100.0 
C 
C CALCULATE OTHER PARAMETERS 
C 
SP=FSP(RK,S) 
RKP=FRKP(RK,S) 
R=FR(RKP,SP) 
BS=FB(RKP,SP)*SP 
C 
DO 200 I r 1 , 3 
c 
C CALCULATE 
C 
DO 200 IDIR=1,2 
C 
C PLOT AXES 
C 
CALL AXIS(0.0,0.0,1H ,-1,6.0,90.0,999.,1.0) 
CALL AXIS(0.,0.,1H ,1,8.,0.,999., 1.0) 
CALL AXIS(0.0,6.0,1H ,-1,8.0,0.0,999.,1.0) 
CALL AXIS(8.0,0.0,1H ,1,6.0,90.0,999.,1.0) 
C 
X1(1)=0 
X2(2)=XTCD 
DO 100 K2=1,2 
C 
C MOVE PEN TO ORIGIN 
C 
CALL PLOT (0.0,0.0,3) 
C 
C 
WRITE(6,133) 
133 FORMAT(1H1) 
DO 100 J=1,99 
RJ=J 
X2(1)=XT(I)»0.01*RJ 
X1(2)=X2(1) 
CP=1E-2/(X2(K2)-X1(K2)) 
RKPH=CP»FRKP(RK,S)/RK 
C 
C CALCULATE PHOSPHORESCENCE INTENSITY 
C 
RPI=PHOSIN(IDIR,XT(I),X2(K2))-PHOSIN(IDIR,XT(I),X1(K2)) 
C 
PRPI=100.0*RPI 
122 CONTINUE 
C 
WRITEC6,1000)X1 (K2) ,X2(K2) ,RPI,PRPI 
1000 FORMATOH ,4E10.3) 
C 
C PLOT DATA POINT 
C 
PX1=X1(2)»8.0/XT(I) 
IF(J.NE.1)G0 TO 50 
CALL PL0T(PX1,PRPI,3) 
50 CALL PLOT (PX1,PRPI,2) 
100 CONTINUE 
IF(IDIR.EQ.2.AND.I.EQ.4)G0 TO 200 
CALL PL0TC12.0,0.0,-3) 
200 CONTINUE 
CALL PLOTCO.0,0.0,999) 
STOP 
C 
C 
C 
c 
c 
END 
FUNCTION PHOSIN(IDIR,XT,X) 
COMMON SP, BS, BSL, R, RL, S, RKPH 
AP=(SP/(6*S))*RKPH*(1+R)*(1+RL)/((EXP(BS*2*XT)-R*R)* 
1(EXP(BSL*2*XT)-RL*RD) 
IF(IDIR.EQ.2)GO TO 10 
C 
C REFLECTED LUMINESCENCE INTENSITY 
C 
PHOSIN=AP*((-EXPC(BS+BSL)*(2*XT-X))/(BS+BSL)) 
1+C RL*EXP C BS*(2*XT-X)+BSL»X)/C BS-BSL)) 
2-(R*EXP(BS*X+BSL*(2*XT-X))/(BS-BSL)) 
3+(R»RL»EXP((BS+BSL)*X)/(BS+BSL))) 
RETURN 
C 
C TRANSMITTED LUMINESCENCE INTENSITY 
C 
10 PH0SIN=AP*(((EXP(BS»(2*XT-X)+BSL*(XT+X)) 
1-R *RL*EXP(BS»X+BSL*(XT-X)))/(BSL-BS) 
2+(RL»EXP(BS*C2*XT-X)+BSL*(XT-X)) 
3-R*EXP(BS*X+BSL*CXT+X)))/CBSL+BS))) 
C 
RETURN 
END 
PROGRAM LANG(INPUT,OUTPUT,TAPE6=OUTPUT) 
C 
C 
C COPYRIGHT 1 9 8 2 BY MALCOLM WAYNE WARREN JR. 
C 
C ALL RIGHTS RESERVED 
C 
c 
DIMENSION BI(9) 
DATA BI/0.25, 0.5, 1.0, 2 .0, 4 .0 , 10.0, 100.0/ 
C 
C INITIALIZE PLOT 
C 
CALL PLOTSCO.0,0.0,99) 
CALL PL0TC1.0,1.0,-3) 
CALL SPEEDC10) 
C 
C PLOT AXES 
C 
CALL AXISC0.0,0.0,1H ,-1,5.0,90.0,999.,1.0) 
CALL AXISC0.,0.,1H ,1,8.,0.,999.,1.0) 
CALL AXIS(0.0,5.0,1H ,-1,8.0,0.0,999.,1.0) 
CALL AXIS(8.0,0.0,1H ,1,5.0,90.0,999.,1.0) 
DO 100 1=1,7 
C 
C 
CALL PLOT (0.0,0.0,3) 
DO 50 J=1,161 
RJ=J 
C 
C CALCULATE ADSORBED CONCENTRATION 
C 
CONC=(RJ-1.0)/40.0 
A=BI(I) 
B=1+BI(I)*(1+C0NC) 
C=CONC*BI(I) 
SCONC=5»(B-(B*B-4.0*A»C)*»0.5)/(2*A) 
PCONC=CONC*2.0 
C 
C PLOT POINT 
C 
50 CALL PLOT CPC0NC,SCONC,2) 
100 CONTINUE 
C 
C TERMINATE PLOT 
C 
CALL PLOTCO.0,0.0,999) 
STOP 
END 
PROGRAM L6FLUB(INPUT,OUTPUT,TAPE6=OUTPUT) 
C 
C»ft*»**»»«*»**»M»»tt*»ftft*»ft»**ftff»«**»**»»tf**#*0**»»**» 
C 
C COPYRIGHT 1 9 8 2 BY MALCOLM WAYNE WARREN JR. 
C 
C ALL RIGHTS RESERVED 
C 
C«»»*»»*****»**ft»ft»»*ftftft«»**x**»»ft**»»ft***ft*ft*»»**ft»** 
C 
DIMENSION XT(10),BI(10) 
COMMON SP, BS, BSL, R, RL, S, RKPH, TRANS 
C 
C FILTER PAPER APP 0.02 CM THICK 
C 
DATA XT/2E-3, 5E-3, 1E-2, 2E-2, 5E-2, 1E-1, 2E-1, 5E-1, 2E0/ 
DATA BI/1.0, 10.0, 100.0, 1E4/ 
C 
C FUNCTIONS 
C 
FSP(RK,S) = (RK*S+6 »S*S)/(RK+2»S) 
FRKP(RK,S)=RK*(RK+6»S)/(RK+2*S) 
FB(RK,S)=(RK*RK+2»RK«S)**0.5/S 
FR(RK,S)=S/(S+RK+(RK»(RK+2«S))»*0.5) 
C 
C INITIALIZE PLOT 
C 
CALL PLOTS(0.0,0.0,99) 
CALL PL0T(2.0,1.0,-3) 
CALL SPEED(IO) 
C 
C CALCULATE 
C 
DO 200 11=1,4 
DO 200 IDIR=1,2 
C 
C PLOT AXES 
C 
CALL AXIS(0.0,0.0,1H ,-1,8.0,90.0,999.,1.0) 
CALL AXIS(0.,0.,1H ,1,8.0,0.,999.,1.0) 
CALL AXIS(0.0,8.0,1H ,-1,8.0,0.0,999.,1.0) 
CALL AXIS(8.0,0.0,1H ,1,8.0,90.0,999.,1.0) 
C 
DO 100 I=1,9,IDIR 
C 
C 
C 
RKL=1E-5 
SL=100.0 
SPL=FSP(RKL,SL) 
RKPL=FRKP(RKL,SL) 
RL=FR(RKPL,SPL) 
BSL=FBC RKPL,SPL)»SPL 
c 
c 
c 
WRITE(6,1004) 
1004 FORMATCl XT",8X,"RKL",6X,"RKPL",7X,"SL»,8X,"SPL" 
17X,"RL",8X,"BSL") 
WRITE(6,1002)XT(I),RKL,RKPL,SL,SPL,RL,BSL 
1002 FORMATC ",7E10.3) 
WRITE(6,1003) 
1003 FORMATC RKPH",7X,"RK",7X,"RKP",8X,"SP",8X,"R", 
19X,»BS",8X,"INT") 
C 
C MOVE PEN TO ORIGIN 
C 
C 
C 
CALL PLOT (0.0,0.0,3) 
DO 50 J=1,201,2 
RJ=J 
C 
C CALCULATE CONCENTRATIONS 
C 
CP=(RJ-1.0)/50.0 
C 
C CALCULATE RK AND S 
C 
A=BI(I1) 
B=1+BI(I1)»(1+CP) 
C=CP*BI(I1) 
CP1=(B-(B»B-4.0»A»C)**0.5)/(2*A) 
111 RK=1E-4+CP 
S=100.0 
RKPH=CP1*FRKP(RK,S)/RK 
PRKPH=2.0»CP 
C 
C CALCULATE OTHER PARAMETERS 
C 
SP=FSP(RK,S) 
RKP=FRKP(RK,S) 
R=FR(RKP,SP) 
BS=FB(RKP,SP)*SP 
C 
C CALCULATE PHOSPHORESCENCE INTENSITY 
C 
C 
C 
WRITE(6,1000)RKPH,RK,RKP,SP,R,BS,RPI 
1000 FORMATOH ,7E10.3) 
RPI=PHOSIN(IDIR,XT(I),XT(I))-PHOSIN(IDIR,XT(I),0.0) 
PRPI=60.0*RPI 
c 
C PLOT DATA POINT 
C 
50 CALL PLOT (PRKPH,PRPI,2) 
TRANS=(1-R»R)*EXP(BS«XT(I))/(EXP(BS»2«XT(I))-R»R) 
WRITE(6,1001)TRANS 
1 0 0 1 FORMATC FINAL TRANSMITTANCE= « ' , E 1 0 . 3 ) 
1 0 0 CONTINUE 
I F ( I D I R . E Q . 2 . A N D . I 1 . E Q . 4 ) G 0 TO 2 0 0 
CALL P L O T C O . 0 , 0 . 0 , - 3 ) 
2 0 0 CONTINUE 
CALL P L O T ( 0 . 0 , 0 . 0 , 9 9 9 ) 
STOP 
END 
C 
C 
C 
C 
C 
FUNCTION PH0SIN(IDIR,XT,X) 
COMMON SP, B S , BSL, R, RL, S, RKPH 
A P = ( S P / ( 6 * S ) ) * R K P H * ( 1 + R ) * ( 1 + R L ) / ( ( E X P ( B S * 2 * X T ) - R * R ) * 
1 (EXP(BSL*2*XT)-RL*RL)) 
C 
I F ( I D I R . E Q . 2 ) G 0 TO 10 
C 
C REFLECTED LUMINESCENCE INTENSITY 
C 
PH0SIN=AP»(( -EXP((BS+BSL)*(2»XT-X)) / (BS+BSL)) 
1+(RL*EXP(BS*(2»XT-X)+BSL*X)/ (BS-BSL)) 
2 - (R*EXP(BS*X+BSL*(2*XT-X))/ ( B S - B S L ) ) 
3+(R*RL»EXP((BS+BSL)*X)/ (BS+BSL))) 
RETURN 
C 
C TRANSMITTED LUMINESCENCE INTENSITY 
C 
10 PH0SIN=AP*((CEXP(BS»(2*XT-X)+BSL*(XT+X)) 
1 -R*RL«EXP C BS«X+BSL* (XT-X))) / (BSL-BS ) 
2+(RL*EXP(BS»C2»XT-X)+BSL»(XT-X)) 
3-R *EXP (BS*X+BSL* (XT+X))) / (BSL+BS ) ) ) 
C 
RETURN 
END 
' PROGRAM L6FLUCCINPUT,OUTPUT,TAPE6=OUTPUT) 
C 
C 
C COPYRIGHT 1982 BY MALCOLM WAYNE WARREN JR. 
C 
C ALL RIGHTS RESERVED 
C 
C 
DIMENSION XT(4) ,BI (3 ) ,BJ(3) 
DIMENSION CPI(3 ,201) ,CPJ(3 ,201) ,CI(200) 
COMMON SP, BS, BSL, R, RL, S, RKPH, TRANS 
C 
C FILTER PAPER APP 0 . 0 2 CM THICK 
C 
DATA XT/2E-3, 2E-2, 2 E - 1 , 2E0/ 
DATA B I / 1 0 0 . 0 , 1000 .0 , 1000.0/ 
DATA B J / 1 0 0 0 . 0 , 1 0 0 0 . 0 , 100.0/ 
C 
C FUNCTIONS 
C 
FSP(RK,S) = (RK»S+6*S»S)/(RK+2*S) 
FRKP(RK,S)=RK»(RK+6»S)/(RK+2»S) 
FB(RK,S) = (RK*RK+2*RK*S)**0.5/S 
FR(RK,S)=S/(S+RK+(RK*(RK+2»S))**0.5) 
C 
C 
C 
CALL RANSET(O) 
ISTEP=1 
ISTEPP=1 
C 
C INITIALIZE PLOT 
C 
C 
C 
C 
CALL PLOTS(0.0 ,0 .0 ,99) 
CALL P L 0 T ( 2 . 0 , 1 . 0 , - 3 ) 
CALL SPEED(10) 
RKL=1E-5 
SL=100.0 
SPL=FSP(RKL,SL) 
RKPL=FRKP(RKL,SL) 
RL=FR(RKPL,SPL) 
BSL=FB ( RKPL, SPL) »SPL 
C 
C CALCULATE CONCENTRATIONS OF CI, CPI, CJ, AND CPJ 
C 
CJ=0.01 
DO 29 1 = 1 , 3 
300 
C FIRST ESTIMATE CONCENTRATIONS FROM 
C QUADRATIC, ASSUMING LOW SURFACE COVERAGE 
C CPI AND CPJ WILL BE INDEPENDENT 
C 
C 
C CPI(I,1) FIRST 
C 
A=BI(I) 
B=1+1.02*BI(I) 
C=0.02*BI(I) 
CPI(I,1)=(B-(B*B-4»A*C)**0.5)/(2«A) 
C 
C NOW CPJ(I,1) 
C 
A=BJ(I) 
B=1+1.01»BJ(I) 
C=0.01*BJ(I) 
CPJ(I,1)=(B-(B»B-4»A*C)**0.5)/C2*A) 
C 
C OUTPUT TOP OF PAGE 
C 
WRITEC6,233) 
233 FORMATC1H1) 
WRITE(6,234) 
234 FORMATdH ,2X,»NUM" ,4X,"RSTEP",6X,"RMIN",8X,"CI",7X-,"CPI",6X, 
1 "CCPI",8X,"CJ",7X,"CPJ",6X,"CCPJ") 
C 
c 
DO 29 J=1,200,ISTEP 
RJ=J 
Cl(J)=RJ/50.0 
C 
C 
C 
CALL ADSOR(CPI(I,J),CPJ(I,J),BI(I),BJ(I) ,CI(J),CJ) 
C 
C ESTIMATE NEXT STEP 
C 
CPICI,J+ISTEP)=2»CPICI,J) 
CPJCI,J+ISTEP)=CPJCI,J) 
IF(J.LE.2»ISTEP)GO TO 29 
CPI(I,J+ISTEP)=CPICI,J+ISTEP)-CPICI,J-ISTEP) 
CPJ(I,J+ISTEP)=CPJ(I,J+ISTEP)+CPJ(I,J)-CPJ(I,J-ISTEP) 
29 CONTINUE 
C 
C CALCULATE 
C 
DO 200 11=1,4 
DO 200 IDIR=1,2 
c 
c 
c 
50 
100 
200 
c 
c 
c 
c 
c 
PLOT DATA POINT 
PRPI=PRPI*0.003 
IF(PRPI.GE.8.0)G0 TO 50 
CALL PLOT (PRKPH,PRPI,2) 
CONTINUE 
CONTINUE 
IF(IDIR.EQ.2.AND.I1.EQ.4)G0 TO 200 
CALL PLOTdO.0,0.0,-3) 
CONTINUE 
CALL PLOTCO.0,0.0,999) 
STOP 
END 
FUNCTION PH0SIN(IDIR,XT,X) 
COMMON SP, BS, BSL, R, RL, S, RKPH 
AP=(SP/(6»S))*RKPH*(1+R)*(1+RL)/((EXP(BS»2»XT)-R»R)* 
1(EXP(BSL*2*XT)-RL«RL)) 
C 
IF(IDIR.EQ.2)G0 TO 10 
C 
C REFLECTED LUMINESCENCE INTENSITY 
C 
PH0SIN=AP»((-EXP((BS+BSL)*(2*XT-X))/(BS+BSL)) 
1+(RL*EXP(BS»(2*XT-X)+BSL*X)/(BS-BSL)) 
2-(R*EXP(BS*X+BSL*(2«XT-X))/(BS-BSL)) 
3+(R*RL*EXP((BS+BSL)*X)/(BS+BSL))) 
RETURN 
C 
C TRANSMITTED LUMINESCENCE INTENSITY 
C 
10 PH0SIN=AP»(((EXP(BS»(2*XT-X)+BSL»(XT+X)) 
1-R*RL»EXP(BS »X+BSL»(XT-X)))/(BSL-BS) 
2+(RL*EXP(BS»(2*XT-X)+BSL*(XT-X)) 
3-R*EXP(BS»X+BSL*(XT+X)))/(BSL+BS))) 
C 
RETURN 
END 
C 
C 
C 
SUBROUTINE ADSOR(CPI,CPJ,BI,BJ,CI,CJ) 
C 
C CALCULATES THE ADSORBED CONCENTRATIONS 
C OF SPECIES I AND J USING A 
C ITERATION PROCEDURE 
DIMENSION VAR(3,5),CEN(2) 
C 
ILAST=0 
NUM=0 
C 
DO 8 1=1,3 
VARC1,1)=CPI*(1.0-0.02«(RANF(0))) 
8 VAR(2,I)=CPJ*(1.0-0.02»(RANF(0))) 
C 
C SET EXPERIMENTAL PARAMETERS 
C 
EXPCO=1.25 
CONCO=0.75 
RMIN=10.0**(-10.0) 
RSTEP=10.0**(-25.0) 
NUMAX=10000 
C 
C CONDUCT ORGINAL EXPERIMENTS 
C 
50 DO 100 1=1,3 
100 VAR(3,D=TEST(BI,CI,VAR(1,I),BJ,CJ,VAR(2,D) 
C 
C SELECT BEST AND WORST RESPONCES 
C 
300 IB=1 
IW=1 
DO 350 1=2,3 
IF(VAR(3,D.LT.VAR(3,IB))IB=I 
350 IF(VAR(3,I).GT.VAR(3,IW))IW=I 
C 
C DETERMINE IF LIMIT WAS REACHED 
C 
NUM=NUM+1 
IF(VAR(3,IB).LT.RMIN.0R.NUM.GT.NUMAX)G0 TO 1000 
C 
C DETERMINE POINT TO BE REJECTED 
C 
IREJ=IW 
IN=6-IB-IW 
IF(IW.EQ.ILAST)IREJ=IN 
C 
C CALCULATE CENTROID 
C 
DO 450 1=1,2 
CEN(I)=-VAR(I,IREJ)/2.0 
DO 450 J=1,3 
450 CEN(I)=CEN(I)+VARCl,J)/2.0 
C 
C CALCULATE REFLECTED POINT 
DO 600 1=1,2 
600 VAR(I,4)=CEN(I)»2.0-VAR(I,IREJ) 
c 
C TEST FOR SMALL STEP 
C 
SUM1=(1-VAR(1,4)/VAR(1,IREJ)) 
SUM2=(1-VAR(2,4)/VAR(2,IREJ)) 
• SUM=SUM1*SUM1+SUM2*SUM2 
IFCSUM.LT.RSTEP)GO TO 1000 
C 
C TEST REFLECTED POINT 
C 
IE=4 
VAR(3,4)=TESTCBI,CI,VARC1,4),BJ,CJ,VARC2,4)) 
FAC=-CONCO 
c 
C DETERMINE IF ADDITIONAL TEST IS REQUIRED 
C FOR THIS CYCLE AND METHOD OF CALCULATING MOVE. 
C 
IF(VAR(3,4).LT.VAR(3,IB))FAC=EXPCO 
IF(VARC3,4).LT.VARC3,IN))G0 TO 905 
IFCVARC3,4).LT.VARC3,IW))FAC=C0NC0 
C 
C CALCULATE FAC TEST POINT 
C 
VARC1,5)=CEN(1)+FAC«(CENC1)-VARC1,IREJ)) 
VARC2,5)=CENC2)+FAC«(CENC2)-VARC2,IREJ)) 
C 
C TEST FAC POINT 
C 
VARC3,5)=TEST(BI,CI,VAR(1,5),BJ,CJ,VARC2,5)) 
C 
C DETERMINE BEST RESPONCE AND REPLACE 
C REJECTED POINT 
C 
IF(VAR(3,5).LT.VAR(3,4))IE=5 
905 DO 910 12=1,3 
910 VARCI2,IREJ)=VARCI2,IE) 
ILAST=IREJ 
GO TO 300 
C 
1000 CPI=VAR(1,IB) 
CPJ=VAR(2,IB) 
T0PI=BI*CCI-CPI) 
TOPJ=BJ»(CJ-CPJ) 
BOTT0M=1+TOPI+TOPJ 
CCPI=T0PI/BOTT0M 
CCPJ=T0PJ/BOTT0M 
WRITE(6,1008)NUM,SUM,VARC3,IB),CI,CPI,CCPI,CJ,CPJ,CCPJ 
1008 F0RMATC1H ,I5,8E10.3) 
RETURN 
STOP 
END 
C 
FUNCTION TEST(BI,CI,CPI,BJ,CJ,CPJ) 
C 
15 CONTINUE 
IF(CPI.LT.CI.AND.CPJ.LT.CJ.AND.(CPI+CPJ).LT.1.0 
LAND.CPI.GT.0.0.AND.CPJ.GT.O.0)GO TO 17 
CPI=(RANF(0)»O.O1+0.99)*CPI 
CPJ=(RANF(0)*O.O1+O.99)*CPJ 
CPI=ABS(CPI) 
CPJ=ABS(CPJ) 
00 TO 15 
17 TOPI=BI*(CI-CPI) 
TOPJ=BJ*(CJ-CPJ) 
BOTTOM= 1 /(1+TOP J+TOPI) 
TCPI=CPI-T0PI*BOTT0M 
TCPJ=CPJ-T0PJ»BOTTOM 
TEST= C TCPI*TCPI) / (CPI*CPI) 
1+(TCPJ*TCPJ)/(CPJ*CPJ) 
RETURN 
END 
306 
PROGRAM PHOSKOCINPUT,OUTPUT,TAPE6=OUTPUT) 
C 
C«ft*ft**M***ft»ftft**»»*ftttft»***»»»»»******tt*****»*******ft« 
C 
C COPYRIGHT 1982 BY MALCOLM WAYNE WARREN JR. 
C 
C ALL RIGHTS RESERVED 
C 
C 
DIMENSION RKOC99),RL1(99),RL2(99),RL1P(99),RL2P(99),RINLIM(99) 
DIMENSION RLK0(99),RLINLIM(99) 
DIMENSION X(4),Y(4) 
CALL PLOTSCO.0,0.0,99) 
CALL DASHDF(0,0.0,0.0,0.0) 
CALL PLOTC1.0,1.0,-3) 
RK1=10**8 
RK2=10*»8 
RK3=10 
DO 200 J=1,5 
RJ=J 
RK1=1O.0»*((19.0-RJ)/2.0) 
DO 100 1=1,37 
RI=I 
RLK0(D = CRI-13.0)/6.0 
RK0(I)=1O**RLK0(I) 
B=RK0(I)+RK1+RK2+RK3 
C=(RK3*(RK0(I)+RK1+RK2))+(RK0(I)»RK2) 
SQ=SQRT(B*B-4»C) 
RL1(I)=(B+SQ)/2 
RL2(I)=(B-SQ)/2 
SU=(RK0(I)*RK2)/(RK0(I)+RK1+RK2-RK3) 
RL1P(I)=RK0(I)+RK1+RK2-SU 
RL2P(I)=RK3+SU 
RINLIM(I)=(RK0(I)»RK2)/C 
RLINLIM(I)=ALOG10(RINLIM(D) 
100 CONTINUE 
RLK0(38)=-2.00 
RLK0(39)=1.00 
RLINLIM(38)=-5.00 
RLINLIM(39)=1.00 
IF (J.GT.1) GO TO 190 
CALL AXIS(0.,0.,1H ,-1,6.0,0. ,-2.00,1.00) 
CALL AXIS(0.,0.,1H ,1,5.0,90.,-5.0,1.0) 
CALL SYMBOL(0.25,4.5,0.3,2HK1,0.0,2) 
190 CONTINUE 
CALL LINE(RLK0,RLINLIM,37,1,0,(J+3)) 
X(1)=3.0 
X(2)=5.0 
X(3)=0.0 
X(4)=1.0 
Y(1)=(J/3.0)+1.0 
Y(2)=Y(1) 
307 
Y(3)=0.0 
Y(4)=1.0 
CALL LINE(X,Y,2,1,0,(j+3)) 
200 CONTINUE 
CALL PLOT(0.0,0.0,999) 
STOP 
END 
PROGRAM PULSE(INPUT,OUTPUT,TAPE6=OUTPUT) 
C 
c 
C COPYRIGHT 1 9 8 2 BY MALCOLM WAYNE WARREN J R . 
C 
C ALL RIGHTS RESERVED 
C 
C****»»*ft***»*ftft*tt»«*«»**ft»ft*»*»»»»»»**»»ft*«»»»»****ftft 
c 
c 
DIMENSION RLORT(113),T1NO(113),X(4),Y(4) 
C 
RL0RT(112)=-10.0 
RLORT(113)=1.0 
T1N0(112)=0.0 
T1NO(113)=0.125 
X(3)=-10.0 
X(4)=1.0 
Y(3)=0.0 
Y(4)=0.125 
C 
C INITIALIZE PLOTS 
C 
CALL PLOTS(0.0,0.0,99) 
CALL DASHDF(0,0.0,0.0,0.0) 
CALL PL0T(1.0,1.0,-3) 
C 
C PLOT AXES 
C 
CALL AXIS(0.0,0.0,1H ,1,11.0,0.0,999.,1.0) 
CALL AXIS(0.0,0.0,1H ,-1,8.0,90.0,999.,1.0) 
CALL AXIS(0.0,8.0,1H ,-1,11.0,0.0,999.,1.0) 
CALL AXIS(11.0,0.0,1H ,1,8.0,90.0,999.,1.0) 
C 
C DEFINE RATE CONSTANTS 
C 
RK1=10»»8.0 
RK2=10*»8.0 , 
RK3=10.0 
C 
C PLOT LINES DEFINING HALF LIVES 
C 
X(1)=0.0-0.159-AL0G10(RK1) 
X(2)=0.0-0.159-ALOG10(RK1) 
Y(1)=0.0 
Y(2)=1.0 
CALL LINE(X,Y,2,1,0,2) 
X(1)=0.0-0.159-AL0G10(RK3) 
X(2)=O.0-0.159-ALOG10(RK3) 
CALL LINE(X,Y,2,1,0,2) 
3 0 9 
C MOLECULAR CROSS SECTION 
C 
CROSS=10.0»»(-16.0) 
C 
C 
C 
DO 200 IN0=1,5 
RNOrINO 
RN0=10.0»»(14.+RN0) 
DO 100 IT=1,111 
RT=IT 
RL0RT(IT)=(RT-101.0)/10.0 
T=10.0*»RLORT(IT) 
C 
C CALCULATE KO 
C 
RKO=RNO»CROSS/T 
B=RK0+RK1+RK2+RK3 
C=RK1*RK3+RK0*RK3+RK2«RK3+RK0*RK2 
SQ=SQRT(B*B-4*C) 
RLA1=(B+SQ)/2 
RLA2=(B-SQ)/2 
T1=RLA1*T 
T2=RLA2»T 
IF(T1.GT.670)T1=670 
IF(T2.GT.670)T2=670 
T1N0P=RK0*RK2*(1/C+EXP(-T1)/(RLA1*(RLA1-RLA2)) 
1+EXP(-T2)/(RLA2*(RLA2-RLA1))) 
C 
C [S1 ] / [N0 ] 
C * 
S1N0=RK0*((RK3/O+((RK3-RLA1)/(RLA1*(RLA1-RLA2))) 
1*EXP(-T1)+((RK3-RLA2)/(RLA2«(RLA2-RLA1)))*EXP(-T2)) 
C 
C [T1]/[N0] AFTER 7 FLU HALF LIVES 
C 
T1N0(IT)=(T1N0P+(RK2«S1N0)/(RK1+RK2-RK3)) 
1*EXP(-7*RK3/(RK1+RK2)) 
100 CONTINUE 
C 
C PLOT DATA 
C 
CALL LINE(RL0RT,T1N0,111,1,0,(lN0+3)) 
200 CONTINUE 
C 
C END PLOT 
C 
CALL PLOT(0.0,0.0,999) 
STOP 
END 
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PROGRAM MONCOR(INPUT,OUTPUT, TAPE6=0UTPUT,TAPE1=INPUT) 
C 
c 
C COPYRIGHT 1982 BY MALCOLM WAYNE WARREN JR. 
C 
C ALL RIGHTS RESERVED 
C 
C*»ftftftft*»ff»**»ftft*ftftftft«ftftftftff*»*ft*»ttftttO»»o*ft**»*»»ft*ftft 
c 
DIMENSION VAR(11,13),DATA(2,100),CEN(10) 
DIMENSION PLOT1(100),PLOT2(100) 
C 
ILAST=0 
NUM=0 
C 
C READ ORGINAL TEST PARAMETERS 
C 
READ(1,11)RVAR 
11 F0RMAT(F10.4) 
IVAR=RVAR+0.5 
IEXP=IVAR+1 
READ(1,12)(VAR(J,IEXP),J=1,IVAR) 
12 F0RMAT(F10.5) 
CALL RANSET(O) 
DO 8 I=1,IVAR 
DO 8 J=1,IVAR 
8 VAR(J,I)=VAR(J,IEXP)»(1-0.1*(RANF(0)-0.5)) 
C 
C READ EXPERIMENTAL DATA 
C 
READ(1,11)RNDATA 
NDATA=RNDATA+0.5 
READ(1,13)((DATA(J,I),J=1,2),I=1,NDATA) 
13 F0RMAT(2F10.4) 
C 
C SORT DATA 
C 
NDATAM=NDATA-1 
DO 14 I=1,NDATAM 
DO 14 K=I,NDATAM 
J=NDATA+I-K 
IF(DATA(1,J).GT.DATA(1,J-1)) GO TO 14 
TEMP1=DATA(1,J) 
TEMP2=DATA(2,J) 
DATA(1,J)=DATA(1,J-1) 
DATA(2,J)=DATA(2,J-1) 
DATA(1,J-1)=TEMP1 
DATA(2,J-1)=TEMP2 
14 CONTINUE 
C 
C PLOT DATA AND AXIS 
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C 
C 
DO 25 I=1,NDATA 
PL0T1(I)=DATA(1,I) 
25 PL0T2(I)=DATA(2,I)-DATA(1,I) 
PLOT1(NDATA+1)=200.00 
PL0T1(NDATA+2)=40.00 
PL0T2(NDATA+1)=-.16 
PLOT2(NDATA+2)=.04 
C 
C INITIALIZE PLOTTER 
C 
CALL PLOTS(0.0,0.0,99) 
CALL PL0T(1.0,1.0,-3) 
CALL SPEED(10) 
C 
C PLOT AXES 
C 
CALL AXIS(0.0,0.0,1H ,1,11.25,0.0,999.,0.25) 
CALL AXIS(0.0,0.0,1H ,-1,8.0,90.0,999.,0.25) 
CALL AXIS(0.0,8.0,1H ,-1,11.25,0.0,999-,0.25) 
CALL AXIS(11.25,0.0,1H ,1,8.0,90.0,999-,0.25) 
CALL LINE(PLOT1,PL0T2,NDATA,1,-1,3) 
C 
C CALCULATE WEIGHT OF DATA POINTS 
C 
DO 30 N=2,NDATAM 
30 PL0T1(N)=DATA(1,N+1)-DATA(1,N-1) 
PL0T1(1)=PL0T1(2) 
PLOT1(NDATA)=PLOT1(NDATA-1) 
C 
C SET EXPERIMENTAL PARAMETERS 
C 
EXPC0=1.25 
C0NC0=0.75 
RMIN=10.0**(-10.0)*RNDATA 
RSTEP=10.0»*(-25.0) 
NUMAX=10000 
C 
C CONDUCT ORGINAL EXPERIMENTS 
C 
50 DO 100 I=1,IEXP 
100 VAR(IEXP,I)=TEST(VAR(1,1),NDATA, DATA,PLOT1,PL0T2) 
C 
C SELECT BEST AND WORST RESPONCES 
C 
300 IB=1 
IW=1 
DO 350 1=2,IEXP 
IF(VAR(IEXP,I).LT.VAR(IEXP,IB))IB=I 
350 IF(VAR(IEXP,I).GT.VAR(IEXP,IW))IW=I 
C SELECT NEXT TO WORST RESPONCE 
C 
IN=IB 
DO 400 1=1,IEXP 
400 IF(I.NE.IW.AND.VAR(IEXP,I).GT.VAR(IEXP,IN))IN=I 
C 
C DETERMINE IF LIMIT-WAS REACHED 
C 
NUM=NUM+1 
IF(VAR(IEXP,IB).LT.RMIN.OR.NUM.GT.NUMAX)GO TO 1000 
C 
C DETERMINE POINT TO BE REJECTED 
C 
IREJ=IW 
IF(IW.EQ.ILAST)IREJ=IN 
C 
C CALCULATE CENTROID 
C 
DO 450 I=1,IVAR 
CEN(I)=-VAR(I,IREJ)/RVAR 
DO 450 J=1,IEXP 
450 CEN(I)=CEN(I)+VAR(I,J)/RVAR 
C 
C CALCULATE REFLECTED POINT 
C 
DO 600 I=1,IVAR 
600 VAR(I,12)=CEN(I)*2.0-VAR(I,IREJ) 
C 
C TEST FOR SMALL STEP 
C 
SUM=0.0 
DO 650 I=1,IVAR 
SUM=SUM+(1-(VAR(I,12)/VAR(I,IREJ)))**2 
650 CONTINUE 
IF(SUM.LT.RSTEP)GO TO 1000 
C 
C TEST REFLECTED POINT 
C 
VAR(IEXP,12)=TEST(VAR(1,12),NDATA,DATA,PLOT1,PL0T2) 
IE=12 
FAC=-CONCO 
C 
C DETERMINE IF ADDITIONAL TEST IS REQUIRED 
C FOR THIS CYCLE AND METHOD OF CALCULATING MOVE. 
C 
IF(VAR(IEXP,12).LT.VAR(IEXP,IB))FAC=EXPC0 
IF(VAR(IEXP,12).LT.VAR(IEXP,IN))G0 TO 905 
IF(VAR(IEXP,12).LT.VAR(IEXP,IW))FAC=C0NC0 
C 
C CALCULATE FAC TEST POINT 
c 
DO 750 I1=1,IVAR 
750 VAR(I1,13)=CEN(I1)+FAC*(CEN(I1)-VAR(I1,IREJ)) 
C 
C TEST FAC POINT 
C 
VAR(IEXP,13)=TEST(VAR(1,13),NDATA,DATA,PLOT1,PL0T2) 
C 
C DETERMINE BEST RESPONCE AND REPLACE 
C REJECTED POINT 
C 
IF(VAR(IEXP,13).LT.VAR(IEXP,12))IE=13 
905 DO 910 12=1,IEXP 
910 VAR(I2,IREJ)=VAR(I2,IE) 
ILAST=IREJ 
GO TO 300 
C 
C OUTPUT RESULTS 
C 
1000 IF(NUM.GT.NUMAX)WRITE(6,2000) 
IF(SUM.LT.RSTEP)WRITE(6,2001) 
2001 FORMATC MINSTEP") 
IF(VAR(IEXP,IB).LT.RMIN)WRITE(6,2002) 
2002 FORMATC MINVAL") 
WRITE(6,2010) 
2010 FORMATC DUMP FINAL VARIABLES") 
WRITE(6,2003)((VAR(J1,13),J1=1,IEXP),13=1,IEXP) 
2003 FORMATC ",5E12.4) 
WRITE(6,2020) 
2020 FORMAT("1 BEST RESPONCE FOR FIT") 
WRITE(6,2100)((I4,VAR(I4,IB)),I4=1,IEXP) 
2100 FORMATC VAR(»,I2," ,IB)= ",E15.5) 
2000 FORMATC NUMAX REACHED") 
C 
C OUTPUT RESULTS TO TELETYPE 
C 
WRITE(6,2900) 
WRITE(6,3000) 
2900 FORMATC1 RESULTS OF FIT") 
3000 FORMATC I LITERATURE MEASURED ERROR », 
T'ERRORC DIFF") 
DO 3200 15=1,NDATA 
ERROR=DATA(2,15)-DATA(1,15) 
ERR0RC=TESTFU(VAR(1,IB),DATA(1,I5)) 
DIF=ERRORC-ERROR 
3200 WRITE(6,3100)I5,DATA(1,I5),DATA(2,I5),ERR0R,ERR0RC,DIF 
3100 FORMATC ",I2,5F10.3) 
C 
C PLOT FITTED ERROR CURVE 
C 
C MOVE WITH PEN UP TO STARTING POINT 
c 
314 
RY=TESTFU(VAR(1,IB),200.) 
RY=(RY/0.04)+4.0 
CALL PLOT(0.0,RY,3) 
DO 4000 16=200,650 
RX1=I6 
RX2=(RX1-200.)/40.0 
RY=TESTFU(VAR(1,IB),RX1) 
RY=(RY/O.04)+4.0 
4000 CALL PLOT(RX2,RY,2) 
WRITE(6,401O) 
4010 FORMATC"1 MONOCHROMATOR ERROR CORRECTION TABLE") 
C 
C CALCULATE ERROR CORRECTION TABLE FOR MONO PROG 
C 
C 
C CALCULATE PRE "CORRECTION TABLE" CORRECTIONS 
C 
P1=TESTFU(VAR(1,IB),200.0) 
S1=1.0 
IF(P1.LE.0.O)S1=-1.O 
J=S1*10O.O*P1+O.55 
DO 4500 1=1,J 
Y=S1*( ( I -1 ) *0 .01+0.005) 
X=Y«50.O/P1+150.0 
Y=I*0.01*(O.0-S1) 
4500 WRITE(6,501O)X,Y 
IFLAG=0 
C 
C CALCULATE CORRECTION TABLE 
C 
DO 5000 13=20001,65000 
RX1=I3 
RX2=RX1/100.0 
P2=TESTFU(VAR(1,IB),RX2) 
S=P2-P1 
S1=1.0 
IF(P1.LT.0)S1=-1.0 
IBP=P1»100.1 
BP1=IBP/100.0 
BP2=BP1+(S1»0.005) 
IF(P1.GT.O)BP1=BP1+0.01 
IF(S.LT.O)BP1=BP1-0.01 
BP1=-BP1 
IF(S.LT.0.AND.BP2.LE.P1.AND.BP2.GT.P2)G0 TO 5020 
IF(S.GE.0.AND.BP2.GE.P1.AND.BP2.LT.P2)G0 TO 5020 
GO TO 5000 
5020 WRITE(6,501O)RX2,BP1 
BP1=-BP1 
RY=BP1/0.04+3.75 
IF(S.LE.O.O)RY=RY+0.5 
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IF(IFLAG.EQ.O)CALL PLOT(0.0,RY,3) 
IFLAG=1 
RX=(HX2-200.0)/40.0 
CALL PL0TCRX,RY,2) 
RY=RY+0.25 
IF(S.LE.0.0)RY=RY-0.50 
CALL PL0TCRX,RY,2) 
5000 P1=P2 
CALL PL0TC11.25,RY,2) 
5010 FORMATC1H ,"WAVELENGTH* ",F9.3," CORRECTIONS ",F9.3) 
S1=1.0 
IF(P1.LE.0.0)S1=-1.0 
J=S1»100.0*P1+0.55 
DO 4510 1=1,J 
Y=S1»((I-1)*0.01+0.005) 
X=Y*50.0/P1+650.0 
Y=(J-I)*0.01*(0.0-S1) 
4510 WRITE(6,5010)X,Y 
CALL PLOTCO.0,0.0,999) 
STOP 
END 
C 
FUNCTION TEST(V,NDATA,DATA,PLOT1,PL0T2) 
C 
DIMENSION DATAC2,100),V(10),PLOT1(100),PLOT2(100) 
RESP=0.0 
DO 3005 17=1,NDATA 
RESP1=PL0T2(I7)-TESTFUCV,DATA(1,I7)) 
3005 RESP=RESP+C RESP1*RESP1*PLOT1(17)) 
TESTsRESP 
RETURN 
END 
C 
FUNCTION TESTFU(V,X) 
C 
DIMENSION V(10) 
C 
TESTFU=V(1)+V(2)*X+V(3)»SIN(V(4)*X+V(5))+V(6)*SIN(V(7)*X+V(8)) 
C 
RETURN 
END 
316 
PROGRAM POLAR(INPUT,OUTPUT,TAPE6=OUTPUT) 
C 
C»ftfttt»***ft*)M*»»»***ftft»ft**ff»»**«»*ft»*fttt*»ttftft»ft*ft*fttt»*tt 
c 
C COPYRIGHT 1982 BY MALCOLM WAYNE WARREN JR. 
C 
C ALL RIGHTS RESERVED 
C 
c 
C THIS PROGRAM CALCULATES THE POLARIZATION AND DEGREE 
C OF REFLECTION OF LIGHT FROM SINGLE SURFACE 
C OF A DIELECTRIC 
C 
DIMENSION DEG(100),RIP(100),RIS(10O) 
C 
RN=1.5 
RNPal.O 
WRITE(6,1) 
1 FORMAT(1H1) 
WRITE(6,2)RN,RNP 
2 FORMAT(4H N= ,F6.4,6H N'= ,F6.4) 
DEG(1)=0.0 
DEGP=0.0 
RPEP=(RNP-RN)/(RNP+RN) 
RSES=-RPEP 
RIP(1)=RPEP*RPEP»100.0 
RIS(1)=RIP(1) 
P=0.0 
WRITE(6,3) 
3 F0RMAT(1H0,5X,1HF,6X,2HF',7H RSES,6X,2HIS,5X,4HRPEP) 
WRITE(6,5) 
5 FORMAT(1H+,45X,2HIP,5X,1HP) 
WRITE(6,4) 
4 FORMAT(1HO) 
WRITE(6,20)DEG(1),DEGP,RSES,RIS(1),RPEP,RIP(1),P 
DO 10 1=1,90 
DEG(I+1)=I 
F=0.0174533»DEG(I+1) 
SINEFP=(RN/RNP)*SIN(F) 
IF(SINEFP.LE.1.0)GO TO 25 
WRITE(6,30)DEG(I+1) 
30 FORMATdH ,F8.4," TOTAL INTERNAL REFLECTION") 
RIP(I+1)=100.0 
RISCI+D = 100.0 
GO TO 10 
25 FP=ASIN(SINEFP) 
DEGP=FP»57.2958 
PLU=F+FP 
RMINUS=F-FP 
RSES1=SIN(RMINUS) 
RSES2=SINCPLU) 
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RSES=(0.0-RSES1)/RSES2 
RIS(I+1)=RSES*RSES*100.0 
RPEP1=TAN(RMINUS) 
RPEP2=TAN(PLU) 
RPEP=RPEP1/RPEP2 
RIP(I+1)=RPEP»RPEP*100.0 
P=(RIP(I+1)-RISCl+1))/(RIPCl+D+RISCl+1)) 
WRITE(6,20)DEG(I+1),DEGP,RSES,RIS(I+1),RPEP,RIP(I+1),P 
20 FORMATdH ,7F8.4) 
10 CONTINUE 
C 
C INITIALIZE PLOTTER 
C 
CALL PLOTS(0.0,0.0,99) 
CALL PL0T(1.0,1.0,-3) 
CALL SPEED(10) 
C 
C 
C 
DEG(92)=0.0 
DEG(93)=15.0 
RIS(92)=0.0 
RIS(93)=20.0 
RIP(92)=0.0 
RIP(93)=20.0 
C 
C PLOT AXES 
C 
CALL AXIS(0.0,0.0,1H ,-1,5.0,90.0,999.,1.0) 
CALL AXIS(0.,0.,1H ,1,6.,0.,999.,1.0) 
CALL AXIS(0.0,5.0,1H ,-1,6.0,0.0,999.,1.0) 
CALL AXIS(6.0,0.0,1H ,1,5.0,90.0,999.,1.0) 
C 
C PLOT 
C 
CALL LINE(DEG,RIS,91,1,0,2) 
CALL DASHDF(0,0.0,0.0,0.0) 
C 
C PLOT 
C 
CALL LINE(DEG,RIP,91,1,0,4) 
C 
C TERMINATE PLOT 
C 
CALL PLOT(0.0,0.0,999) 
STOP 
END 
1 REM MAIN PROGRAM 
5 A=CALL < 116000) i B7=0 y E1=0 yE2=0 % C=0 5 B 1=0 % B2=0 y V-77 
10 D I M C l < 7 8 ) y C 2 ( 7 8 > y E L < / , 8 ) y W l ( 7 3 > y W 2 < 7 8 ) y P v 7 8 > y W < 7 8 > 
20 D I M Z < 4 9 > y I i < 7 8 > y l \ i < 7 ) y l \ 2 < 7 > y L i < 7 ) y J < 5 ) yFC3>yRv3> 
30 D I M A 0 ( 7 8 ) y I 0 ( 7 8 ) y E 2 ( 7 8 ) 
50 INPUT "STANDARD CONCENTRAT [ON f%J(5) 
60 INPUT-INT TIME < 8SEC) *? • ? C?E l=ARG< D300+C*l6) yBl=CALL<#6021) 
70 TYPE'EXCITATION SCAN OR PRESET ?"»JA=CALLtfr603D1»IFA=150THEN110 
80 INPUT"EX START ? "»PF"END ? "»U7»"SrEP ? "<-B7 
90 W1=INT(<(U7-P)/B7)+1.1)JF0RIl=lT0Wi»Ul(Il)=P4<Il-l)*B7»NEXT 
100 G0T0150 
110 INPUT"* EX WAVE *? • ,Wl ?F0RI1=1T0W1 i INPUTU1 <I1) JNEXT 
150 INPUT'EM START ? "FPF"ENB ? "»W7»"STEP 7 uyB7 
160 W2=INT< ( <W7-P>/B7>+1.1) y F0RI2=lT0U)2y U2( I2)=Pf (12-1 )*B7*NEXT 
165 A=CALL < -B-6006) +CALL < #6009) +CALL (46012 > 
170 TYPE-MOTOR ON ' " " 5A=CALL( D-602A) JTYPE%12E4%»B1 yB2 
175 PRINT"DARK CURRENT B2-=nyB2y" Bi="»B1 
180 F0RIl=lT0WlyA=CALL<fr600C> 
190 F0RI2=lT0W2yA=CALL<*6015) ?A=CAEL( H-601B) yA=CALL<#601E> 
200 V=Wl*(I2-l)+Ii yA=CALL< 1-6027> 
210 IFI2 W2THENA=CALL<#6018> 
220 TYPEZiOE2X»C2<V)»Cl(V)»EHV) 
240 NEXTJIFI1 W1THENA=CALL <4-600F> 
250 A=CALL(#6012)yNEXrilyTYPE"M0T0R OFF ''i « 
260 A=CALL<#6009) 
300 A=CALL<#6003)yA=CALL<#6033) 
310 F0RIl=lT0UlyF0R12=ir0W2yU=Wl*(C2-1)fll 
320 PRINr^7F2%yUl(Il)yW2(I2)yZ12E4%yC2<y)/CJ(V),E1(V)»C2(V),C1(.V) 
330 NEXT?NEXT 
350 A=CALL(*A02D)+CALL(#6030)+CALL(&602D) 
360 A=CALL<46003) 
390 PRINT" " 
395 PRINT"STANDARD CONCENTRATION- "tJ(5)FPRINT" " 
400 PRINT%12E4%y "CONCENTRATION^ yC 
410 PRINTJ(l)yJ(2)yJ(3)yJ(4) 
470 TYPE "NEW SAMPLE ? " t 9 A=CALL< *603D> 5IFAM4ETHENEND 
480 TYPE"NEW PARAMETERS ? •yA=CALL(#603LD 5IFA=*4ETHEN1&5 
490 G0T050 
COPYRIGHT 1*82 BY MALCOLM WAYNE WARREN JR 
ALL RIGHTS RESERVED 
, #iti*itit#iBt-H-itit-H-it#it-fc--H-##itit-M--H#^ 
L IST 
, # # # # # # # • * # # # # # # # • » # # # # # # # • * # • & < -H-H -H-itititit -H-itit-ttit-H it-H-ititititit H K-H-H H-itititit 
, it-H-itititititit-H it-Hitititii-H-H-Kit MEMORY MAP #•*##•«•##•&•«#*•*•»#*****#•»•**•*•»• 
PROST 
RAMST 
VIDRAM 
ECU 
ECU 
ECU 
06000H 
07ES0H 
OCOOOH 
.PROGRAM STARTING ADDRESS 
,RAM STARTING ADDRESS 
.VIDEO RAM STARTING ADDRESS 
, i t i t i t -^-S--&i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i i -H--H it it it-H-itititit it it i t i i it it it -ft it it it it if it it-ft it it if 
, -H-#ititititititititit-ttititititit-H--H-itititit I /O MAP it i t i t i t i t i t i t i t-t t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t 
, -»#it-K--H--K-*ititititit-*-*titititititititii it-H--H -H-ititit i t i t *•» it i t i t i t i t it it-H-it it i t i t- i t i t i t H-H if it-Sit it-H 
,8255 PORT FOR COMUNICATION WITH TPP 
C8255 
TPPH 
TPPC 
TPPD 
CONHAN 
DATHAN 
.'s251 S 
SIOC 
SIOD 
TTYINM 
TTYOTM 
ECU 
ECU 
ECU 
ECU 
ECU 
ECU 
10 P 
EDU 
ECU 
ECU 
ECU 
057H 
056H 
055H 
054H 
002H 
080H 
OF*H 
0F8H 
23FDH 
23FAH 
8255 CONTROL PORT (FOR TPP) 
TPP HANDSHAKING PORT 
TPP CONTROL PORT 
TPP DATA PORT 
CONTROL HANDSHAKING TEST BIT 
DATA HANDSHAKING TEST BIT 
,8251 CONTROL PORT 
,8251 DATA PORT 
.MONITOR TTY INPUT ROUTINE 
.MONITOR TTY OUTPUT ROUTINE 
P825c'0 
P825«l 
ICWl 
ICW2 
OCWl 
0CW2 
0CW3 
ECIU 
ECU 
ECU 
ECU 
ECU 
ECU 
ECU 
'••'51 
825c' PARAMETERS 
020H 825* PORT ADDRESSES 
021H 
016H 
OOOH 
OFEH 
020H 
OOCH 
PORT 
,INIT COMMAND 
,INIT COMMAND 
, MASK A0=1 
.NON-SPECIFIC 
,POLL COMMAND 
ADDRESSES 
WORD ONE 
WORD TWO 
ECU A0=0 
A0=0 
A0=0 
A0»1 
poe 
P9" 
11C 
HID 
CHSFC'5 
FADD,:>5 
FDIV95 
FLTS'"'5 
FLTD<>5 
FMUL95 
FSUE,r'5 
p0pp.r/5 
PTOF'^ 5 
PT0SC'5 
SCRTC'5 
XCHF-''5 
FIXS'"'5 
SMULC'5 
ECU 023H , COMMAND PORT 
ECU 022H , DATA PORT 
COMMANDS FOR 9511 
ECU 
ECU 
ECU 
ECU 
ECU 
EC'J 
ECU 
ECU 
ECU 
ECU 
ECU 
ECU 
ECU 
ECU 
015H 
01 OH 
013H 
01DH 
01CH 
012H 
011H 
018H 
017H 
077H 
001H 
01«H 
01FH 
06EH 
CHANGE SIGN FLOATING 
FLOATING ADD 
FLOATING D IV IDE 
FLOAT SINGLE 
FLOAT DOUBLE 
FLOATING MULTIPLY 
FLOATING SUBTRACT 
POP STACK FLOATING 
PUSH STACK FLOATING 
PUSH STACK SINGLE 
SQUARE ROOT 
EXCHANGE OP FLOATING 
CONVERT FLOATING TO 1 6 - F I X 
S INGLE MULT 
•"•Sl l ERROR CODES 
ZE 
NE 
LE 
LIE 
OE 
-DIVIDE BY ZERO 
-SOUARE ROOT OR LOG OF NEGATIVE NUMBER 
-ARGUMENT OF INVERSE SINE, COSINE 
OR EXP T O LARGE 
-UNDERFLOW, NOT PRINTED .NOT CONCSIDERED 
VALUE IN TOS SET TO ZERO 
-OVERFLOW 
STATUS REGISTER ERROR CODES 
WORD 43210 
OOOOX 
1000X 
01 OCX 
1100X 
XXI OX 
XX01X 
BITS STATU 
NO ERROR 
ZE 
NE 
LE 
UE 
OE 
XCERVERS TO MONOCHROMATORS 
EXMOND 
EXMONC 
EMMOND 
EMMONC 
ECU 
ECU 
ECU 
ECU 
0F4H 
0F5H 
0F6H 
0F7H 
, • * # • » • • * # # # # # # # • & # # • * # # # # # # # # # - * • » # # • & # # # # 
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i ititititititititititititititititititit CONSTANTS itititititifitititifitititififitififit HH-Hifitifif 
, •»^*##+t*-«--«-##-«-#-H--H'-«--«--«--«--»t-*-«--M--K*•»•«-«*•«-«-Jt-W-«"«--«-H"M-it--M-K-M•«••«-K-Jt-Jf-it-W-H Jt-H Kit K-it 
NST 
NXM 
STLK 
AR 
SP 
ECU 
ECU 
ECU 
ECU 
ECU 
1*7 
30 
0CD3H 
080H 
020H i 
STEPS BETWEEN TICKS ON X AXIS 
STEPS IN TICK MARK 
LOCATION OF BASIC VAR LOC ROUT 
ARRAY INDICATOR BIT 
SPACE 
ORG PROST 
JMPTAB- JUMP TABLE FOR ROUTINES USED IN BASIC 
JMPTAB ..IMP INTIAL 
JMP INTL1 
JMP FIND 
JMP WAVE11 
JMP WAVE1 
JMP WAVEIP 
JMP WAVE12 
JMP WAVE2 
JMP WAVE2P 
JMP WAVET1 
JMP WAVET2 
JMP COUNTI 
JMP COUNTX 
JMP DATAC 
JMP DARK 
JMP PLOTER 
JMP ANALY 
LXI H,LABOUT 
JMP MESOTP 
XCHG 
JMP MESOTP 
CALL TITLEO 
LDA BUFTTP 
MOV L, A 
MVI H, 0 
RET 
,INITIALIZE HARDWARE 
.INITIALIZE TPP 
.FIND LOCATION OF 8080 VARIABLES 
.MOVE Wl(l) 
.MOVE WKI1) 
iMOVE WKI1 + 1) 
,MOVE W2(1) 
,MOVE W2(I2) 
,MOVE W2<12+1) 
.EXCIT TEST 
,EMIS TEST 
.INITIALIZE COUNTER 
.COUNTER ROUTINE 
.COLLECT DATA 
.COLLECT DARK CURRENT 
.PLOTTER ROUTINES 
.ANALYSIS ROUTINE 
,LABLE TPP FOR DUMP 
< 
.PRINT LABLE IN D,E 
INTIAL- INTIALIZATION ROUTINE 
INTIAL: MVI 
OUT 
OUT 
MVI 
OUT 
OUT 
MVI 
A,OCFH 
EXMONC 
EMMONC 
A,027H 
EXMONC 
EMMONC 
A, 056H 
CALL EXOUT 
CALL EMOUT 
MVI A, ICWl 
i INITIALIZE MONO XCERS 
,MONOCHROMATORS TO SLAVE MODE 
.INITIALIZE 8259 FOR 9511 
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INTL1 
OUT P82590 
MVI A, ICW2 
OUT P82591 
MVI A, OCWl 
OUT P82591 
MVI A, 1 
STA PLOTFL 
CALL INITAL 
JMP TITLES 
INITIALIZE TPP 
WAVELENGTH MOVEMENT ROUITNES 
WAVE11 
WAVE12 
WAVEIP 
WAVE2P 
WAVE1 
LXI D, 1 
LHLD LOCW1A 
SUB A 
JMP WAVES 
LXI D, 1 
LHLD L0CW2A 
MVI A, 1 
JMP WAVES 
LHLD LOCH 
CALL INT 
PUSH H 
LHLD LOCH 
MVI E, 1 
CALL C0,r'580 
POP D 
INX D 
LHLD LOCW1A 
SUB A 
JMP WAVES 
LHLD LOCI2 
CALL INT 
PUSH H 
LHLD LOCI2 
MVI E, 1 
CALL C0C'580 
POP D 
INX D 
LHLD L0CW2A 
MVI A, 1 
JMP WAVES 
LHLD LOCII 
CALL INT 
PUSH H 
LHLD LOCII 
MVI E, 1 
CALL C09580 
POP D 
LHLD LOCW1A 
SUB A 
JMP WAVES 
MOVE TO Wl(l) 
.MOVE TO W2<1) 
,MOVE TO W1U1 + 1) 
.MOVE TO W2(I2+1) 
, MOVE TO W1U1) 
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WAVE2' LHLD LOC12 
CALL INT 
PUSH H 
LHLD LOCI2 
MVI Ei 1 
CALL C0*580 
POP D 
LHLD L0CW2A 
MVI A, 1 
WAVES STA MONOFL 
CALL CALADD 
SHLD L0CB7 
MVI E, 1 
CALL C080=>5 
LHLD L0CB7 
CALL MOVFI 
LHLD L0CB7 
MVI E, 1 
CALL 00*580 
LXI H, 5 
SHLD J7 
ROUND UP FOR 
LXI H, CONB 
CALL MOVFI 
MVI A, FADD'~'5 
CALL C0M95 
LXI H, CONA 
CALL MOVFI 
MVI A,FDIV95 
CALL C0M95 
WAVE4 MVI A,PT0FC'5 
CALL C0MC'5 
MVI A, FIXS,:>5 
CALL C0MC'5 
MVI A, PT0S95 
CALL C0M95 
IN P'"'511D 
IN P-3511D 
ADI 030H 
CALL MONSLO 
MVI A,FLTS95 
CALL C0M95 
MVI A, FSUBC'5 
CALL C0M-=>5 
LXI H, CONC 
CALL MOVFI 
MVI A,FMUL95 
CALL C0MC'5 
LDA J7 
DCR A 
iMOVE TO W2(I2) 
,SET FLAG FOR XCERS 
.CALCULATE ADDRESS OF WAVELENGTH 
iCONVERT B7 TO 9511 F P 
.STK951KB7) 
) RECONVERT B7 TO 8080 F P 
, J7=5 
ROUND OFF ERROR 
, STKC'511(0 005, E7) 
, STK'-'511 (B7), B7=B7+0 005 
, STK9511(100, B7) 
, STK9511(B7), B7=B7/100 
,STK9511(B7,B7) 
,STK9511(INT(B7),B7) 
,STK9511(INT(B7), INT(B7),B7) 
,READ DIGIT 
.DISCARD FIRST BYTE 
,ADD NUMERICAL OFFSET 
.OUTPUT TO CORRECT MONO 
iSTK,9511(INT(B7),B7) 
, STK"=>511 (B7), B7=B7-1 NT (B7) 
,STKC>511(10,B7) 
, STK9511(B7), B7=B7*10 
WAVET2 
WAVET3 
WAVET5 
STA J7 
JNZ WAVE4 
MVI A, 04EH 
JMP MONSLO 
.START MONO MOVEMENT 
WAVET1 SUB 
JMP 
MVI 
STA 
MVI 
CALL 
WAVELENGTH TEST AND CORRECTION ROUTINE 
.EX TEST A 
WAVET3 
A. 1 
MONOFL 
A. 05BH 
MONSLO 
5LI CALL MON1: 
ANI OlOH 
JNZ WAVET5 
MVI A, 05DH 
CALL MONSLO 
CALL MONSLI 
MOV H, A 
CALL MONSLI 
MOV L, A 
CALL MONSLI 
OUT P9511D 
MOV A. L 
OUT P9511D 
MOV A, H 
OUT P^illD 
SUB A 
OUT P*511D 
MVI A, FLTD=>5 
CALL C0M95 
LXI H, CONE 
CALL MOVFI 
MVI A, FADD*>5 
CALL C0M'r'5 
LXI H, CONA 
CALL MOVFI 
MVI A, FDIV-35 
CALL CGMC'5 
MVI A, PT0F95 
CALL C0M95 
LHLD L0CW7 
CALL MOVFO 
LHLD L0CW7 
MVI E, 1 
CALL C0*580 
LDA MONOFL 
ANA A 
JNZ WAVET4 
,EM TEST 
.SET XCER FLAG 
,TEST MONO STATUS 
,READ MONO ' 
.MONO MOVING"' 
,YES-TEST AGAIN 
,WAVELENGTH -
,READ WAVELENGTH FROM XCER 
.CONVERT WAVELENGTH TO 9511 
, A=0 
,FLOAT 
.ADD 0 25 
.DIVIDE BY 100 
, STKC'511(W7,W7) 
.SAVE W7iSTK9511(W7) 
.CONVERT TO 8080 F P. 
,EM WAVE TEST ? 
,YES JMP 
W1(I1)=W7 
LHLD LOCII 
CALL INT 
PUSH H 
LHLD LOCH 
MVI E, 1 
CALL C09580 
POP D 
LHLD LOCW1A 
CALL CALADD 
PUSH H 
PUSH H 
MVI E, 1 
CALL C08095 
PGP H 
CALL MOVFI 
POP H 
MVI E. 1 
CALL C0*580 
MVI A,FSUB95 
CALL C0M95 
IN P*511C 
MOV B, A 
ANI 20H 
RNZ 
MOV A, B 
ANI 040H 
JNZ WAVET6 
LXI H, CONF 
CALL MOVFI 
MVI A,FSUB95 
CALL C0M95 
IN P*511C 
ANI 40H 
RNZ 
WAVET6 CALL WAVE1 
JMP WAVET1 
WAVET4- LHLD LOC12 
CALL INT 
PUSH H 
LHLD LOCI2 
MVI E, 1 
CALL C0*580 
POP D 
LHLD L0CW2A 
CALL CALADD 
PUSH H 
PUSH H 
MVI E, 1 
CALL C080c'5 
POP H 
CALL MOVFI 
.CALCULATE LOC WKI1) 
.TO 8080 F P 
, SAVE LOC WKI1) 
J'CONVERT WKI1) TO 9511 P.P. 
, STKC>511(W1(I1), W7) 
.CONVERT W K I 1 ) BACK TO 8080 F. P 
, STK'-'511 (T l ) , T1=W7-W1 ( I D 
, ZERO"' 
iYES-RETURN 
,MINUS-
,YES MOVE AGAIN 
, STK.951H0 035, Tl) 
,STK951KT2)T2=Tl-0 035 
,MINUS-
,YES RETURN 
,NO-ERROR IN MOVE TRY AGAIN 
,TEST AGAIN 
.CALCULATE LOC W2(I2) 
.SAVE LOC W2(I2) 
.CONVERT W2(I2) TO 9511 F P. 
,STK9511(W2(I2), W7) 
POP H 
MVI E,1 
CALL C0*580 
MVI A,FSUB*5 
CALL C0M95 
IN P9511C 
MOV B,A 
ANI 20H 
RNZ 
MOV A,B 
ANI 40H 
JNZ WAVET7 
LXI H, CONF 
CALL MOVFI 
MVI A,FSUB*5 
CALL C0MC>5 
IN P9511C 
ANI 40H 
RNZ 
WAVET7 CALL WAVE2 
JMP WAVET2 
> 
DATAC- MEASURES 
, 
DATAC LHLD LOCV 
CALL INT 
PUSH H 
PUSH H 
PUSH H 
LHLD LOCV 
MVI E,1 
CALL C09580 
POP D 
LHLD L0CC1A 
CALL CALADD 
SHLD L0CC1V 
POP D 
LHLD L0CC2A 
CALL CALADD 
SHLD L0CC2V 
POP D 
LHLD L0CE1A 
CALL CALADD 
SHLD L0CE1V 
LXI H,XI 
CALL ZERO 
LXI H,X2 
CALL ZERO 
LHLD L0CC1V 
CALL ZERO 
LHLD L0CC2V 
.CONVERT W2(I2) TO 3030 F. 
, STK*511(T1),T1=W7-W2(I2> 
, ZERO"' 
,YES-RETURN 
,STK9511(0 035, Tl) 
. STK9511 (T2), T2=Tl-0. 035 
, MINUS"-1 
,YES RETURN 
, NO-INCORRECT WAVELENGTH 
i START MOVE AGAIN 
,TEST MOVE AGAIN 
THE EMISSION AND REFERENCE 
,CALCULATE V 
. RECONVERT TO 8080 F. P, 
.CALCULATE LOC CKV) 
,SAVE LOC C K V ) 
,CALCULATE LOC C2(V) 
,SAVE LOC C2(V) 
, CALCULATE LOC EKV) 
,SAVE LOC EKV) 
, X1=0 
, X2=0 
.C1(V)=0 
,C2(V)=0 
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DATAC1 
CALL ZERO 
LXI H,1 
SHLD N 
CALL COUNTX 
LXI H, 02 
CALL MOVFI 
LXI H, B29511 
CALL MOVFI 
MVI A,F3UB*5 
CALL C0M95 
MVI A,PT0F95 
CALL C0M95 
LHLD L0CC2V 
CALL MOVFI 
MVI A. FADD95 
CALL C0M*5 
LHLD L0CC2V 
CALL MOVFO 
LXI H.C1 
CALL MOVFI 
LXI H.B19511 
CALL MOVFI 
MVI A,FSUB*5 
CALL C0MC'5 
MVI A. PT0FC'5 
CALL C0M95 
LHLD L0CC1V 
CALL MOVFI 
MVI A. FADD95 
CALL C0M95 
LHLD LOCCIV 
CALL MOVFO 
MVI A, FDIV95 
CALL C0M95 
MVI A,PT0F*5 
CALL C0M95 
MVI A, PT0F"-'5 
CALL C0M*5 
LXI H,XI 
CALL MOVFI 
MVI A. FADD*5 
CALL C0M95 
LXI H, XI 
CALL MOVFO 
MVI A, FMULC'5 
CALL C0M*5 
LXI H,X2 
CALL MOVFI 
MVI A,FADD*5 
CALL C0M95 
LXI H.X2 
CALL MOVFO 
, N= l 
,COLLECT DATA 
. S T K 9 5 1 K C 2 ) 
, STK*51KB2, C2) 
, S T K 9 5 1 1 ( C 2 ' ) , C2 y =C2-B2 
, S T K 9 5 1 1 ( C 2 ' , C 2 ' ) 
, S T K 9 5 1 1 ( C 2 ( V ) , C 2 ' , C 2 ' ) 
, S T K 9 5 1 K C 2 ( V ) , C 2 ' ) , C 2 ( V ) = C 2 ( V ) + C 2 
,SAVE C2 (V ) 
, S T K 9 5 1 1 ( C 1 , C 2 ' ) 
, S T K 9 5 1 1 ( B 1 , C 1 , C2') 
, STP c '51 K C 1 ' , C2-" >, Cl '=C1-B1 
> STK*511<G1 ' .C1 '» C 2 ' ) 
, STK,r'511 ( C K V ) , Cl ' , C l " . C2-) 
, S T K 9 5 1 K C K V ) , C 1 ' , C 2 " ) 
, SAVE C K V ) 
, S T K C ' 5 1 K X ) , X = C 2 V C 1 ' 
, S T K * 5 1 K X . X) 
, STK' r '51KX, X. X) 
,STK'=>51KX1. X, X, X) 
. STK*51KX1»X, X) , X1=X1+X 
,SAVE X1 
, S T K 9 5 1 1 ( X # # 2 ) , X*#2=X*X 
, STK951KX2, Xit-H-2) 
, S T K * 5 1 K X 2 ) , X2=X2+X**2 
,SAVE X2 
LHLD N , TEST LOOP 
INX H 
MOV A, L 
CPI 4 
JC DATAC1 
CALCULATE C K V ) AVERAGE 
>TK*51KCKV)) LHLD LOCC1V 
CALL MOVFI 
LXI H,COND 
CALL MOVFI 
MVI A, FDIV^ 
CALL C0M95 
LHLD LOCC1V 
CALL MOVFO 
LHLD LOCC1V 
MVI E, 1 
CALL C09580 
STK951K3 O.CKV) ) 
STK*51KCKV)),CKV)=CKV)/3 
SAVE CKV) 
CONVERT TO 8080 F P 
CALCULATE C2(V) AVERAGE 
LHLD L0CC2V , STKC'511 (C2 (V) ) 
CALL MOVFI 
L X I H, CGND , STKC '511(3 0 , C2(V) ) 
CALL MOVFI 
MVI A, FDIV95 , STK951 K C 2 ( V) ), C2( V)=C2( V ) / 3 
CALL C0M95 
LHLD L0CC2V ,SAVE C2(V) 
CALL MOVFO 
LHLD L0CC2V ,CONVERT TO 8080 F P 
MVI E, 1 
CALL C09580 
CALCULATE VARIANCE 
E l ( V ) = ( X 2 - ( ( X l * X l ) / 3 ) > / 3 
L X I H, X2 , S T K 9 5 1 K X 2 ) 
CALL MOVFI 
L X I H, X I . S T K 9 5 1 K X 1 , X2) 
CALL MOVFI 
MVI A, PT0F«>5 , STK*51KX1, XI, X2> 
CALL C0M95 
MVI A,FMUL95 , S T K 9 5 1 K X 1 * * 2 , X2) 
CALL C0M*5 
L X I H, COND , S T K * 5 1 K 3 0 . X l * * 2 . X2> 
CALL MOVFI 
MVI A,FDIV95 , S T K ^ l K T l , X2),T1=X 1**2/3 0 
CALL C0M95 
MVI A, FSUB95 , STK*51 K T 2 ) , T2=X2~T1 
CALL C0M95 
DATAC2 
DARK 
LXI H. COND 
CALL MOVFI 
MVI A,FDIV95 
CALL C0M95 
IN P9511C 
ANI 040H 
JZ DATAC2 
LHLD LOCElV 
JMP ZERO 
LHLD LOCElV 
CALL MOVFO 
LHLD LOCE1V 
MVI E, 1 
JMP C09580 
iSTK951K3 0, T2) 
; S T K 9 5 1 K E K V ) ) , E K V ) = T 2 / 3 0 
i MINUS"-1 
,NO-JMP 
.SAVE E K V ) 
, CONVERT TO 8080 F P. 
DARK- MEASURES THE DARK CURRENT 
i B1=0 LXI H,B19511 
CALL ZERO 
LXI H,B2*511 
CALL ZERO 
IN SIOD 
LXI H, DARTY1 
CALL MESOTT 
CALL TTYIN 
LXI H, CRLF 
CALL MESOTT 
CALL DATAC 
LXI D, 1 
LHLD L0CC1V 
MOV B, H 
MOV C, L 
LHLD L0CB1 
PUSH H 
CALL MOVE 
POP B 
LXI D, 1 
LXI H,E19511 
CALL MOVE 
LXI H, Bl*511 
MVI E,1 
CALL 0080*5 
LXI D, 1 
LHLD L0CC2V 
MOV B, H 
MOV C, L 
LHLD L0CB2 
PUSH H 
CALL MOVE 
POP B 
LXI D, 1 
LXI H,B2*511 
, B2=0 
, DARK CUR/CLOSE SHUTTER/HIT KET' 
,LOOK FOR KEY PRESS 
.PRINT CR, LF, CR, LF 
.COLLECT DARK CURRENT 
,B1=CKV) 
B1=B1 
.CONVERT TO 9511 F P 
,B2=C2(V) 
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CALL MOVE 
LXI H.B29511 
MVI E,1 
CALL C080*5 
IN SIOD 
LXI H.DARTY2 
CALL MESOTT 
CALL TTYIN 
LXI H,CRLF 
JMP MESOTT 
.CONVERT TO 9511 F. P 
, 'OPEN SHUTTER/HIT KEY' 
J LOOK FOR KEY PRESS 
, PRINT CR, LF, CR, LF 
PLOTER. 
PLOTER- PLOTTER ROUTINES 
.CALCULATE Wl 
PLTERO 
LHLD L0CW1 
CALL INT 
SHLD Wl 
LHLD L0CW1 
MVI E, 1 
CALL C09580 
LHLD L0CW2 
CALL INT 
SHLD W2 
LHLD L0CW2 
MVI E, 1 
CALL C09580 
LXI H,PLTTY1 
CALL MESOTT 
CALL TITLEO 
LXI H, BUFTTP 
MOV D, M 
INX H 
MOV E,M 
LXI H, PLTABL 
MVI B,0 
.SAVE Wl 
.RECONVERT Wl TO 8080 F P 
CALCULATE W2 
SAVE W2 
RECONVERT W2 TO 8080 F P 
, 'PLOT(NONE, RATIO, Cl, C2. S, I, A, AO, 10) 
,READ RESPONSE 
.CONVERT RESPONCE 
.POINT TO TABLE OF POSSIBLE RESP. 
, B=0 
PLTER1 
PLTER2. 
PLTER3 
TEST FOR VALID RESPONCE 
MOV A,M 
INX H 
CPI OFFH 
JZ PLTERO 
CMP D 
JNZ PLTER2 
MOV A,M 
CPI OFFH 
JZ PLTERO 
CMP E 
JZ PLTER3 
INX H 
INR B 
JMP PLTER1 
MOV A.B i P1=B 
PLTER4-
PLTER' 
PLTERC: 
STA PI 
ANA A 
JZ PLTERR 
LXI H,PLTTY2 
CALL MESOTT 
LHLD W2 
SHLD P 
LXI H. 0 
SHLD P3 
CALL TITLEO 
LXI H,BUFTTP 
A, M 
'E' 
PLTER4 
H 
A, M 
'M' 
PLTER5 
MOV 
CPI 
JNZ 
INX 
MOV 
CPI 
JZ 
CPI 'X 
JNZ PLTER4 
LXI H,1 
SHLD P3 
LHLD Wl 
SHLD P 
LXI H, PL.TTY3 
CALL MESOTT 
CALL DECIN 
LDA Wl 
B, A 
W2 
B 
B, A 
P 
MOV 
LDA 
ADD 
MOV 
LDA 
CMA 
INR 
ADD 
CMP 
A 
B 
L 
JC PLTER5 
SHLD P5 
MOV A,H 
ANA A 
JNZ PLTER5 
ORA L 
JZ PLTER5 
. IF P1=0 NO PLOT 
) 'EXCITATION OR EMISSION SPECTRUM 
,P=W2. ASSUME EM 
,P3=0 
i READ RESPONCE 
IE' 
,NO TRY AGAIN 
W> 
, X? 
,NO-TRY AGAIN 
,P3=1 
;P=W1 
, 'ROW ->' 
.READ NUMBER 
.CALCULATE MAXIMUM NUMBER OF ROWS 
,IF H,L>ROWS TRY AGAIN 
,SAVE P5 
iP5 IN RANGE 
.TOO LARGE ~> 
,YES TRY AGAIN 
. ZERO'* 
,YES-TRY AGAIN 
CALCULATE STEP AND OFFSET 
LDA P3 
ANA A 
JZ PLTERZ 
.EXCITATION ? 
,NO-JMP 
EXCITATION 
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LXI H.O 
SHLD PSTEP 
LHLD P5 
DCX H 
XCHG 
LHLD Wl 
CALL RSMUL 
INX H 
SHLD POFSET 
JMP PLTERD 
EMISSION 
, 
PLTERZ LHLD Wl 
DCX H 
DAD H 
DAD H 
CALL TWCMHL 
SHLD PSTEP 
LHLD P5 
SHLD POFSET 
, 
i CALCULATE # DATA POINTS 
, • 
PLTERD LHLD Wl 
XCHG 
LHLD W2 
CALL RSMUL 
SHLD PW1W2 
XCHG 
LDA PI 
CPI 1 
JNZ PLTERF 
P()=C2() 
LHLD L0CC2A 
MOV B, H 
MOV C, L 
LHLD LOCPA 
CALL MOVE 
W()=CK) 
LHLD LOCC1A 
MOV B, H 
MOV C L 
LHLD PW1W2 
XCHG 
LHLD LOCWA 
CALL MOVE 
iPSTEP=0 
»POFSET= W1*<P5-1)+1 
iPSTEP=(Wl-l)*4 
,POFSET = P5 
,RATION 
,NO-JMP 
PLTERE 
PLTERF 
PLTERG 
PLTERH-
PLTERI' 
PLTERJ-
LHLD PW1W2 
XCHG 
LHLD LOCPA 
CALL C08095 
LHLD PW1W2 
XCHG 
LHLD LOCWA 
CALL C080*5 
DIVIDE P()=P( 
LHLD LOCPA 
SHLD Tl 
LHLD LOCWA 
SHLD T3 
LHLD PW1W2 
SHLD I 
LHLD Tl 
SHLD T2 
CALL MOVFI 
SHLD Tl 
LHLD T3 
CALL MOVFI 
SHLD T3 
MVI A, FDIV*5 
CALL C0M95 
LHLD T2 
CALL MOVFO 
LDA I 
DCR A 
STA I 
JNZ PLTERE 
JMP PLTERN 
CPI 2 
JNZ PLTERG 
LHLD L0CC1A 
JMP PLTERM 
CPI 3 
JNZ PLTERH 
LHLD L0CC2A 
JMP PLTERM 
CPI 4 
JNZ PLTERI 
LXI H, SARRAY 
JMP PLTERM 
CPI 5 
JNZ PLTERJ 
LXI H, AARRAY 
JMP PLTERM 
CPI 6 
JNZ PLTERK 
LXI H, I ARRAY 
.CONVERT PO TO 9511 F P 
.CONVERT WO TO "9511 F P 
)/W<) 
;Tl=LOCPA 
,T2=L0CW 
,I=PW1W2 
,T2=T1=L0C POINT FOR PO 
, STK*51KPO) 
,SAVE POINTER 
,STK*51KWO,PO) 
,SAVE POINTER 
, S T K * 5 1 K P O / W ( ) ) 
,SAVE RATIO 
,TEST END LOOP 
, C K )"•• 
,NO-JMP 
.YES-POINT TO C l 
, C 2 ( ) * 
,NO-JMP 
, YES-POINT TO C 2 ( ) 
, S ( )" ' 
,NO-JMP 
, YES-POINT TO S O 
, A < ) ^ 
,NO-JMP 
, YES-POINT TO A O 
i l ( > ' » 
,NO-JUMP 
, YES-POINT TO I O 
PLTERK. 
PLTERL. 
PLTERM 
PLTRNl 
PLTERN-
PLTERO 
PLTERP 
JMP PLTERM 
CPI 7 
JNZ PLTERL 
LHLD LOCAOA 
JMP PLTERM 
LHLD LOCIOA 
MOV B,H 
MOV C,L 
LHLD PW1W2 
XCHG 
LHLD LOCPA 
CALL MOVE 
LHLD PW1W2 
XCHG 
LHLD LOCPA 
LDA PI 
CPI 4 
JC PLTRNl 
CPI 7 
JC PLTERN 
CALL C080*5 
LHLD Wl 
XCHG 
LHLD LOCWlA 
LDA P3 
ANA A 
JNZ PLTERO 
LHLD W2 
XCHG 
LHLD L0CW2A 
PUSH D 
MOV B,H 
MOV C,L 
LHLD LOCWA 
CALL MOVE 
POP D 
LHLD LOCWA 
CALL C08095 
LHLD POFSET 
XCHG 
LHLD LOCPA 
CALL CALADD 
XCHG 
LHLD LOCPA 
MOV B,H 
MOV C,L 
LHLD PSTEP 
XCHG 
LDA P 
STA I 
MOV A.M 
STAX B 
, AO ( ) "<• 
i N O - J M P 
, YES-POINT TO AOO 
. IT CAN ONLY BE 10 () 
. P()»Ci<).°C2()CT. iMOVE 
» W O - W K >"JW2() MOVE 
, CONVERT W O TO 9511 p. P 
:ALCULATE LOC FIRST ELEMENT OF P 
, I=P 
, MOVE FIRST ELEMENT 
DCX B 
DCX H 
MOV A, M 
STAX B 
DCX H 
DCX B 
MOV A,M 
STAX B 
DCX H 
DCX B 
MOV A, M 
STAX B 
DCX B 
DCX H 
ANI 080H 
JZ PLTERO 
SUB A 
INX B 
STAX B 
INX B 
STAX B 
INX B 
STAX B 
INX B 
STAX B 
DCX B 
DCX B 
DCX B 
DCX B 
PLTERO. DAD D 
LDA I 
DCR A 
STA I 
JNZ PLTERP 
E2()=EK) 
LHLD POFSET 
XCHG 
LHLD LOCE1A 
CALL CALADD 
XCHG 
LHLD L0CE2A 
MOV B,H 
MOV C, L 
LHLD PSTEP 
XCHG 
LDA P 
STA I 
PLTERS MOV A.M 
STAX B 
DCX H 
j MOVE SECOND ELEMENT 
,MOVE 3RD ELEMENT 
,MOVE 4TH ELEMENT 
, MINUS"'' 
,NO-JMP 
,YES-ZERO 
,ADD STEP 
.TEST LOOP 1=1-1 
,ZERO-NO LOOP AGAIN 
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DCX B 
MOV A, M 
STAX B 
DCX H 
DCX B 
MOV A, M 
STAX B 
DCX H 
DCX B 
MOV A, M 
STAX B 
DCX H 
DCX B 
DAD D 
LDA I 
DCR A 
STA I 
JNZ PLTERS 
LHLD P 
XCHG 
LHLD L0CE2A 
CALL C080*5 
.CONVERT E2() TO 951 
CALCULATE SORT OF E2() 
LHLD L0CE2A 
SHLD Tl 
LDA P 
STA I 
PLTERT LHLD Tl 
SHLD T2 
CALL MOVFI 
SHLD Tl 
MVI A,S0RT*5 
CALL C0M*5 
LHLD T2 
CALL MOVFO 
LDA I 
DCR A 
STA I 
JNZ PLTERT 
CALCULATE XMIN 
LHLD LOCWA 
CALL MOVFI 
MVI A,FIXS*5 
CALL C0M95 
IN P*511D 
MOV H, A 
IN P9511D 
MOV L, A 
T1=L0CE2 
I=P 
T2=T1 
STK951KE2( ) ) 
STK*51KSQRT(E20)) 
E2O=T0S 
TEST LOOP 
SHLD XMIN 
CALCULATE XMAX 
PLTER6 
PLTER7 
PLTER8 
PLTER*-
PLTERA. 
LHLD P 
XCHG 
LHLD LOCWA 
CALL CALADD 
CALL MOVFI 
MVI A,FIXS95 
CALL C0M*5 
IN P*511D 
MOV H, A 
IN P*511D 
MOV L, A 
SHLD XMAX 
LXI H, PLTTY4 
CALL MESOTT 
CALL TITLEO 
LDA BUFTTP 
STA Zl 
CPI 'Y 
JZ PLTER7 
CPI 'N' 
JNZ PLTER6 
SUB A 
STA PLOTFL 
LXI H,PLTTY5 
CALL MESOTT 
CALL TITLEO 
LDA BUFTTP 
STA Z2 
CPI X 
JZ PLTER* 
CPI 'T 
JNZ PLTER8 
MVI A, 1 
STA PLOTFL 
LXI H,PLTTY6 
CALL MESOTT 
CALL TITLEO 
LDA BUFTTP 
STA Z4 
CPI Y' 
JZ PLTERA 
CPI 'N 
JNZ PLTER9 
LXI H,PLTTY7 
CALL MESOTT 
CALL TITLEO 
LDA BUFTTP 
STA Z3 
, SCALE ? ' 
, READ RESPONCE 
,SAVE RESPONCE 
. YES? 
,VALID RESPONCE 
, NO-
,NO-TRY AGAIN 
,SET PLOTTER FOR CRT 
, 'CRT OR TPP *>' 
,READ RESPONCE 
,SAVE RESPONCE 
i CRT'? 
,YES-NEXT QUESTION 
, TTP"' 
,NO TRY AGAIN 
,YES SET MODE 
, 'ERROR BARS "'' 
.READ RESPONCE 
.SAVE RESPONCE 
, YES"' 
,YES-JMP PLTERA 
} NO"^  
,NO TRY AGAIN 
, PLOT(FIRST. NEW, SAME) 
CPI 'S 
JZ PLTERB 
CPI 'N' 
JZ PLOTEA 
CPI 'F' 
JNZ PLTERA 
PLOTEA. LDA Z2 
CPI X ' 
CZ BLANK 
CALL MAIN 
PLTERB- LDA Zl 
CPI 'N' 
JZ PLTERX 
LXI B,C0N107 
LXI D, 1 
LXI H.SCALT1 
CALL MOVE 
LHLD L0CE2A 
SHLD Tl 
LDA P 
STA I 
LHLD LOCPA 
SHLD T2 
PLTERU LXI H,SCALT1 
CALL MOVFI 
LHLD T2 
CALL MOVFI 
SHLD T2 
LDA Z4 
CPI 'N 
JZ PLTERV 
;GRr> 
;YES-BLANK 
,SCALE0 
i NO-JP 
PLTERV 
CALCULATE SCALING FACTOR 
,STK*51KE2(),PO,Tl,Tl) LHLD Tl 
CALL MOVFI 
SHLD Tl 
MVI A,FADD*5 
CALL C0M*5 
MVI A,PTOF*5 
CALL C0M95 
LXI H,SCALT2 
CALL MOVFO 
MVI A,FSUB*5 
CALL C0M*5 
IN P*511C 
ANI 040H 
JZ PLTERW 
LXI B,SCALT2 
LXI H.SCALT1 
LXI D, 1 
CALL MOVE 
,STK*51KP, Tl.Tl). P=E2()+PO 
, STK951KT2, Tl, P), T2=T1-P 
,TEST FOR MINUS 
PLTERW: 
PLTER X 
PLTERY 
IN P9511D 
IN P*511D 
IN P*511D 
IN P9511D 
LDA I 
DCR A 
STA I 
JNZ PLTERU 
LXI H, CONG 
CALL MOVFI 
LXI H, SCALT1 
CALL MOVFI 
MVI A, F D I V 9 5 
CALL COM95 
LXI H, SCALFA 
CALL MOVFO 
,TEST LOOP 
iSTK*511(2000 , T 1 ) 
, STK*51 K S C A L F A ) , SCALFA=2000/T1 
.SAVE SCALING FACTOR 
SCALE DATA POINTS 
LXI H, SCALFA 
CALL MOVFI 
LDA P 
STA I 
LHLD LOCPA 
SHLD T l 
LHLD LOCWA 
SHLD T 2 
LHLD L0CE2A 
SHLD T 3 
MVI A, PT0F*5 
CALL C0M95 
LHLD T l 
CALL MOVFI 
SHLD T l 
MVI A. FMUL95 
CALL C0M*5 
MVI A, F I X S * 5 
CALL C0M*5 
IN P * 5 1 1 D 
ANI 07H 
MOV H, A 
IN P * 5 1 1 D 
MOV L , A 
SHLD YMOV 
LHLD T2 
CALL MOVFI 
SHLD T 2 
MVI A, F I X S 9 5 
CALL C0M*5 
IN P*511D 
MOV H, A 
IN P*511D 
RETURN SCALING FACTOR TO 9511 
I=P 
Tl LOC POINTER FOR P( ) 
T2 LOC POINTER FOR WO 
T3 LOC POINTER FOR E2() 
STK951 KSCALFA. SCALFA) 
STK951KP( ), SCALFA, SCALFA) 
STK951KT1, SCALFA) 
STK*51 K I NT (T1), SCALFA) 
,STK*51KW( ), SCALFA) 
, STK951 K INT( WO ), SCALFA) 
MOV L, A 
SHLD XMOV 
MVI A,PT0F95 
CALL C0M95 
LHLD T3 
CALL MOVFI 
SHLD T3 
MVI A, FMUL95 
CALL C0M95 
MVI A, FIXS*5 
CALL C0M95 
IN P9511D 
MOV H, A 
IN P*511D 
MOV L, A 
SHLD ERROR 
LDA I 
MOV B, A 
LDA P 
CMP B 
CZ LINEOF 
CALL LI NEON 
LDA Z4 
CPI 'Y 
CZ PLOTEB 
LDA I 
DCR A 
STA I 
JNZ PLTERY 
CALL ENDPLT 
JMP PLTERO 
PLTERR MVI A, 1 
STA PLOTFL 
JMP INITAL 
;STK9511(SCALFA, SCALFA) 
, STK951 KE2<), SCALFA. SCALFA) 
,STK9511(T1,SCALFA), T1=E2()*SCALFA 
, STK*511(INT(Tl), SCALFA) 
P=I 
SET TO PLOT ON TPP 
PLTABL-POSSIBLE RESPONCES FOR PLOT 
COMMAND 
PLTABL: DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
'N' 
'0 
'R' 
'A' 
X' 
'1' 
X 
"7 
A H 
ODH 
'A' 
ODH 
'I' 
ODH 
.NONE 
.RATIO 
.Cl 
,C2 
. S 
, A 
i I 
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DB 'A' jAO 
DB '0' 
DB 'I ' j 10 
DB '0' 
DW OFFFFH , END OF TABLE MARKER 
COUNTER SUBROUTINE 2 05 JUNE 10,1*81 MALCOLM W. WARREN 
TIME PASSED IN (1/16SEC) E AND NUMBER OF LOOPS TO SUM IN D 
COUNTI 
COUNTO 
COUNT1 
COUNT: 
COUNTX 
LOOP-
MVI A,3FH 
CMP D 
JM COUNTO 
MOV A, D 
STA LOOPNU 
MVI A.O^BH 
OUT 3 
LXI B, 500 
LXI H, 00 
MVI A, 80H 
CMP E 
JM COUNT1 
MOV A, E 
DAD B 
DCR A 
JNZ COUNT1 
MVI A, 32H 
OUT 7 
MOV A, L 
OUT 4 
MOV A, H 
OUT 4 
RET 
LXI H. Cl 
CALL ZERO 
LXI H, C2 
CALL ZERO 
SUB A 
STA LOOPS 
STA ERRFLG 
IN 0 
ANI 1 
JZ LOOP 
OUT 8 
MVI A, 70H 
OUT 7 
MVI A, OFFH 
OUT 5 
OUT 5 
MVI A, OBOH 
OUT 7 
,L00PS<=3FH 
,N0-L00PS=3FH 
.YES-LOAD LOOPS 
,SAVE LOOPS 
,SET-UP 8255 
,CALCULATE MONOSTABLE INPUT 
,TIME->8SEC 
,N0-T IME=8SEC 
,YES-LOAD TIME 
,CALCULATE MONOSTABLE INPUT 
,SET UP MONOSTABLE 
, A=0 
, NUMBER OF LOOPS ECU 0 
.CLEAR ERROR FLAG 
.WAIT FOR END OF ANY COUNT CYCLE 
.CLEAR PRECOUNTER 
jSET-UP 8253-1 M0DE=0 
, SET-UP 8253-2 MODE=0 
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COUNTS 
C0UNT4 
C0UNT5 
COUNT6 
COUNT7 
COUNTS 
COUNT*. 
COUNTA' 
MVI A, OFFH 
OUT 6 
OUT 6 
OUT OCH 
IN 0 
ANI 1 
JNZ COUNT3 
IN 0 
ANI 7 
JZ C0UNT4 
ANI 6 
JNZ COUNTB 
MVI A, 70H 
OUT 7 
IN 5 
CMA 
MOV L. A 
IN 5 
CMA 
MOV H, A 
INX H 
IN 0 
ANI 040H 
JNZ COUNTS 
LXI H, 0 
IN 1 
CPI 1 
DCR A 
JNC C0UNT7 
DCX H 
LXI D, Cl 
CALL COUNTC 
MVI A, OBOH 
OUT 7 
IN 6 
CMA 
MOV L, A 
IN 6 
CMA 
MOV H, A 
INX H 
IN 0 
ANI 080H 
JNZ C0UNT9 
LXI H. 0 
IN 2 
CPI 1 
DCR A 
JNC COUNTA 
DCX H 
LXI D, C2 
jTRIGGER MONOSTABLE 
.WAIT FOR START OF COUNTING 
, WAIT FOR END OF COUNTING 
, OR OVERFLOW 
,TEST FOR OVERFLOW 
,YES-JMP COUNTB 
, NO-START READ OF Cl 
, READ MID BYTE 8253 
,COMPLEMENT 
,SAVE MID BYTE 
,READ MSB 8253 
,COMPLEMENT 
.SAVE MSB 
,ADD ONE FOR COUNT LOAD 
. COUNT LOAD"'' 
.YES-JUMP C0UNT6 
,NO-H,L=0 
,READ LSB Cl 
,IF ZERO SET CARRY FLAG 
, DCR A (CARRY NOT EFFECTED) 
, IF WAS ZERO DCX H 
,ADD TO Cl REGISTER 
,START READ OF C2 
,READ MID BYTE 8253 
,COMPLEMENT 
,SAVE MID BYTE 
,READ MSB 8253 
,COMPLEMENT 
,SAVE MSB 
.ADD ONE FOR LOAD 
,COUNT LOAD-
.YES-JMP COUNT* 
,NO-H,L=0 
,READ LSB C2 
, IF ZERO SET CARRY FLAG 
,DCR A (CARRY NOT EFFECTED) 
, IF IT WAS ZERO DCX H 
, ADD TO C2 REGISTER 
CALL COUNTC 
LXI 
MOV 
INR 
MOV 
INX 
CMP 
JNZ 
LXI 
CALL 
H, LOOPS 
A, M 
A 
M, A 
H 
M 
LOOP 
H, Cl 
MOVFI 
i ENOUGH LOOPS"' 
MVI A, FLTD95 
CALL C0M95 
LXI H,C1 
CALL MOVFO 
LXI H, C2 
CALL MOVFI 
MVI A, FLTD*5 
CALL C0M*5 
LXI H, C2 
CALL MOVFO 
RET 
COUNTB STA ERRFLG 
RET 
iNO-JMP LOOP 
iCONVERT Cl TO *5il F P 
CONVERT C2 TO 9511 F. P. 
RETURN 
SET ERROR FLAG 
.COUNTC-ADDS THE RESULTS FROM THE LAST CYCLE TO THE 
REGISTERS FOR CO OR Cl 
COUNTC 
.MAIN-
MAIN-
XCHG 
ADD 
MOV 
DCX 
MOV 
ADC 
MOV 
DCX 
MOV 
ADC 
MOV 
DCX 
MOV 
AC I 
MOV 
RET 
M 
M, A 
H 
A, M 
E 
M, A 
H 
A, M 
D 
M, A 
H 
A, M 
OOO 
M, A 
INITIALIZES 
CALL INITAL 
CALL INXLST 
CALL TITLES 
CALL YAXIS 
JMP XAXIS 
,MOVE REGISTER POINTER TO H, L 
.ADD LSB'S 
.ADD NEXT BYTE 
,ADD NEXT BYTE 
. ADD CARRY TO MSE 
CONSTANTS, TITLE, AND PLOTS AXES 
.INITIALIZE FLAGS AND TPP 
.CALCULATES CONSTANTS FOR AXES 
.READ AND STORE PLOT TITLE 
,DRAW Y-AXIS 
,DRAW X-AXIS 
,INITAL-INITIALIZES FLAGS 
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INITAL MVI A,0A4H 
OUT C8255 
MVI A, OFH 
CALL TPPCOT 
LXI H, CRLF 
CALL MESOTP 
LXI H, 30 
CALL XOUT 
SUB A 
STA PLOTST 
RET 
;INITIALIZE 8255 
.RESET TTP 
,PRINT CR,LF,CR, LF ON TPP 
,SET XVAL 30 
,CLEAR PLOTTER ON FLAG 
INXLST-START OF ROUTINE TO CALCULATE CONSTANTS FOR 
AXES 
INXLST-CALCULATES XLSTEP 
XLSTEP=NM BETWEEN TICK MARKS 
XLSTEP=5#INT<(7*+XMAX-XMIN)/80) 
INXLST LHLD XMAX 
LXI D, 7* 
DAD D 
XCHG 
LHLD XMIN 
CALL TWCMHL 
DAD D 
LXI D, 80 
CALL DIVIDE 
MOV H, B 
MOV L, C 
MOV D, B 
MOV E, C 
DAD H 
DAD H 
DAD D 
SHLD XLSTEP 
, H, L=XMAX+7* 
,H. L=H, L-XMIN 
, B, C=H, L/80 
, H, L=B, C 
, D, E=B, C 
, H, L=5*H, L 
,SAVE XLSTEP 
INXLMN-CALCULATES XLMIN 
XLMIN=LOWEST WAVELENGTH (NM) LABELED ON XAXIS 
XLMIN=XLSTEP*INT(XMIN/XLSTEP) 
INXLMN 
INXLM1 
XCHG 
LHLD XMIN 
CALL DIVIDE 
LHLD XLSTEP 
XCHG 
LXI H,0 
MOV A, B 
ORA C 
JZ INXLMS 
,B,C=INT(XMIN/XLSTEP) 
i H,L=B,C*XLSTEP 
INXLMS 
INXNLP-
XNLOOP' 
XNLOOP' 
INXNLP 
DCX B 
DAD D 
JMP INXLM1 
SHLD XLMIN I S A V E XLMIN 
INXNL1 
INXNL2 
-CALCULATES XNLOOP 
"NUMBER OF NUMERICAL. LABELS PLOTTED ON XAXIS 
= I N T ( ( < <XLSTEP#INT( C XMAX+XLSTEP-1 ) /XLSTEP) ) - X L M I N ) 
/ ( 2 * X L S T E P ) ) + 1 > 
LHLD XLSTEP 
XCHG 
LHLD XMAX 
DAD D 
DCX H 
CALL DIVIDE 
LHLD XLSTEP 
XCHG 
L X I H, 0 
MOV A , B 
OR A C 
JZ INXNL2 
DCX B 
DAD D 
JMP INXNL1 
XCHG 
LHLD XLMIN 
CALL TWCMHL 
DAD D 
XCHG 
LHLD XLSTEP 
DAD H 
XCHG 
CALL D I V I D E 
MOV H, B 
MOV L, C 
INX H 
SHLD XNLOOP 
l H , L=XMAX+XL3TEP-1 
i B , C = I N T ( H , L/XLSTEP) 
, H , L=B,C#XLSTEP 
H, L=H. L - X L M I N 
B. C= I I \ IT<H,L / (2 *XLSTEP>) 
H , L=B,C +XLSTEP 
H. L=B, C + l 
J H * L=H, L + l 
( S A V E XNLOOP 
INXLPS 
XLOOPS 
XLOOPS 
INXLPS 
-CALCULATES XLOOPS 
=NUMBER OF TICK MARKS 
=XNL00P*2 
DAD H 
SHLD XLOOPS 
RET 
, H , L=H, L * 2 
. S A V E XLOOPS 
, T ITLES-READS PLOT TITLE F R O M TTY AND PRINTS ON TPP 
T ITLES- L X I H,TILMES 
CALL MESOTT 
L X I H, BFTTPA 
] P O I N T TO MESSAGE " T I T L E "' 
l OUTPUT MESSAGE TO TTY 
TITLEA: 
TITLED-
TITLE1 
TITLES. 
TITLE2 
TITLE4 
TITLER 
TITLE? 
MVI D, 72 
CALL TITLE1 
LXI H, BFTTPA 
JMP MESOTP 
LXI H, BUFTTP 
MVI D, 72 
CALL TTYIN 
CALL TTYOUT 
CPI 08H 
JZ TITLES 
CPI 07FH 
JNZ TITLE2 
MVI A, '\' 
CALL TTYOUT 
MOV A,D 
CPI 72 
JZ TITLE1 
DCX H 
DCR D 
JMP TITLE1 
CPI ODH 
JZ TITLER 
MOV M,A 
INX H 
DCR- D 
MOV A,D 
ANA A 
JNZ TITLE1 
INX H 
MVI M, ODH 
MOV A,D 
CPI 72 
JZ TITLE5 
MVI M, ODH 
INX H 
MVI A, OAH 
MOV M,A 
CALL TTYOUT 
INX H 
MVI M, ODH 
INX H 
MVI M, OFFH 
RET 
MVI A, OAH 
JMP TTYOUT 
.POINT TO TTP BUFFER 
, LOAD CHARACTER COUNTER 
, READ CHARACTER FROM TTY 
, ECHO CHARACTER TO TTY 
, CONTROL-H^ 
, YES-JUMP 
, RUBOUT° 
,NO-JMP TITLE2 
, PRINT "\" ON TTY 
iREAD NEXT CHARACTER 
',YES-RETURN 
,LF TO TTY 
,CR 
, INCREMENT TPP BUFFER POINTER 
,OFFH END OF MESSAGE MARKER 
.YAXIS- DRAWS AND LABELS Y AXIS 
YAXIS" LDA PLOTFL , TPP ENABLED? 
ANA A 
JZ YAXISO , NO-NO LABEL NEEDED 
LXI B,700 , YES-STEP DOWN TO TOP OF LABEL 
YAXISO 
YAXIS1 
CALL YSTEPD 
LXI H,INTEN 
CALL MESOTP 
LXI B,1370 
CALL YSTEPU 
LXI H, 2040 
SHLD YVAL 
LXI H, 10 
SHLD YLOOP 
CALL NUMOUT 
LXI H, 30 
CALL XOUT 
LXI B, 40 
CALL YSTEPD 
MVI A. 1 
STA PLOTST 
CALL TPPCOT 
LXI B.NXM 
CALL XSTEPU 
LXI B. NXM 
CALL XSTEPD 
LXI B. 160 
CALL YSTEPD 
LHLD YLOOP 
DCR L 
SHLD YLOOP 
JNZ YAXIS1 
CALL NUMOUT 
LXI B, 40 
CALL YSTEPD 
JMP TPPOFF 
, XAXIS-DRAWS AND LABEL1! 
XAXI< 
XAXIS1 
LXI 
CALL 
LHLD 
SHLD 
CALL 
LXI 
CALL 
LXI 
CALL 
LXI 
CALL 
LHLD 
DCX 
SHLD 
MOV 
ORA 
JNZ 
LXI 
H, 30 
XOUT 
XLOOPS 
XLOOP 
TPPON 
B. NST 
XSTEPU 
B, NXM 
YSTEPU 
B, NXM 
YSTEPD 
XLOOP 
H 
XLOOP 
A, H 
L 
XAXIS1 
H, 30 
, PRINT "INTENSITY" 
.STEP TO TOP OF PLOT 
i 2040 STEPS DOWN TO ZERO 
,10 TICKS ON INTENSITY AXIS 
, OUTPUT NUMERICAL LABEL 
,XVAL EQU 30 
,STEP DOWN 40 STEPS 
, TURN ON PLOTTER 
, DRAW TICK MARK 
, STEP DOWN 160 STEPS 
, ENOUGH TICK MARKS"4 
,NO-AGAIN 
,STEP DOWN TO ZERO 
, TURN PLOTTER OFF 
XAXIS 
. X=30 
, SET TICK MARK COUNTER 
, TURN PLOTTER ON 
, STEP UP XAXIS NST STEPS 
, DRAW TICK MARK 
, LOAD LOOP COUNTER 
, DECREMENT LOOP COUNTER 
, STORE LOOP COUNTER 
. ZERO"' 
, NO-LOOP AGAIN 
,YES-RETURN TO ( X, Y) = (0, 0) 
XAXIS2 
XAXIS' 
XAXIS4 
XAXIS5 
XAXIS6 
CALL XOUT 
LXI H, 0 
SHLD YVAL 
CALL TPPOFF 
LDA PLOTFL 
ANA A 
RZ 
MVI B, 6 
CALL SPACE 
LHLD XNLOOP 
SHLD XNLOPC 
LHLD XLMIN 
SHLD XLABEL 
CALL NUMOT1 
MVI B, 5 
CALL SPACE 
LHLD XNLOPC 
DCX H 
SHLD XNLOPC 
MOV A, H 
ORA L 
JZ XAXIS3 
LHLD XLSTEP 
XCHG 
LHLD XLABEL 
DAD D 
DAD D 
SHLD XLABEL 
JMP XAXIS2 
MVI A, 17H 
CALL TPPDOT 
LXI B, 80 
CALL YSTEPD 
LHLD XNLOOP 
DAD H 
DAD H 
LXI D,-4 
DAD D 
JNC XAXIS4 
MOV B, L 
CALL SPACE 
LXI H.WAVE 
CALL MESOTP 
LXI B, 80 
JMP YSTEPU 
, Y=0 
,TURN PLOTTER OFF 
.PRINT 6 SPACES 
,SET NUMERICAL LOOP COUNTER 
,SET NUMERICAL LABEL REGISTER 
.PRINT NUMBER 
,SPACE BETWEEN NUMBERS 
,ENOUGH LABELS GENERATED 
iYES-PRINT NUMERICAL LABELS 
,NO-GENERATE NEXT LABEL 
,LOAD LABEL REGISTER 
,ADD INCREMENT 
,STORE LABEL REGISTER 
.PRINT XAXIS NUMERICAL LABELS 
iSTEP DOWN TO LABEL X AXIS 
.CALCULATE SPACES BEFORE LABEL 
, SUBTRACT OFFSET TO CENTER LABEL 
,IF ZERO OR LESS NO SPACES 
,MOVE NUMBER OF SPACES TO B 
.PRINT SPACES BEFORE LABEL 
.PRINT "WAVELENGTH" ~> 
.PRINT LABEL 
.MOVE BACr TO Y=0 
.LINEON-PLOTS LINE WITH 
LINEON CALL TPPON 
JMP CXMOVS 
STYLIS ON 
,TURN PLOTTER ON 
,LINEOF-PLOTS LINE WITH STYIS OFF 
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LINEOF 
XMOVS-
XMOVS= 
CXMOVS 
CALL TPPOFF j TURN PLOTTER OFF 
•NUMBER OF STEPS BETWEEN XAXIS AND THE X 
BEING MOVED TO 
<INT<<(XMOV+XLSTEP-XLMIN)*(NST))/XLSTCP) 
CXMOV1 
CXM0V2 
LHLD XMOV 
XCHG 
LHLD XLSTEP 
DAD D 
XCHG 
LHLD XLMIN 
CALL TWCMHL 
DAD D 
XCHG 
MVI B, NST 
SUB A 
MOV H, A 
MOV L, A 
DAD D 
JNC CXM0V2 
INR A 
DCR B 
JNZ CXMOV1 
XCHG 
LHLD XLSTEP 
XCHG 
CALL DIVIDO 
LXI H. 30 
DAD B 
SHLD XMOVS 
LDA PLOTFL 
ANA A 
JNZ CNSTX 
LDA PLOTST 
ANA A 
JNZ CNSTX 
LHLD /MOV 
SHLD YVAL 
LHLD XMOVS 
SHLD XVAL 
RET 
,H,L=XMOV+XLSTEP 
,XMOV+XLSTEP 
,H.L=H,L-XLMIN 
D, E=H, L 
H, L=D, E*NST 
A=0 
H, L=0 
B,C=INT(A. H,L/XLSTEP) 
, H, L=B, C+30 
,SAVE XMOVS 
iTPP ENABLED? 
,YES-PLOT LINE 
,NO-PLOTTER STYLIS ON' 
,YES-PLOT LINE 
,NO-YVAL=YMOV 
.XVAL=XMOVS 
,NSTEPX 
. NSTEPX 
CNSTX 
-NUMBER OF X STEPS REQUIRED IN MOVE 
=ABS(XMOVS-XVAL) 
LHLD XMOVS 
XCHG 
LHLD XVAL 
CALL TWCMHL 
DAD D 
,H.L=XMOVS-XVAL 
,SIGNED RESULT 
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CNSTX1 
CNSTX: 
MOV A. H 
STA XDIRFL 
ANA A 
JP CNSTX1 
CALL TWCMHL 
LDA PLOTFL 
ANA A 
JNZ CNSTX2 
LXI D,8 
CALL DIVIDE 
MOV H,B 
MOV L,C 
SHLD NSTEPX 
PUSH H 
.SET DIRECTION FLAG 
.H, L=ABS(H, L) 
. CRT"' 
.NO-JUMP CNSTX2 
,YES-NSTEPX=NSTEPX/8 
,MOVE NSTEP TO H, L 
,SAVE NSTEPX 
NSTEPY-NUMBER OF Y STEPS RECUIRED IN MOVE 
NSTEPY»ABS< YMOV-YVAL) 
CNSTY 
CNSTY1 
LHLD YMOV 
XCHG 
LHLD YVAL 
CALL TWCMHL 
DAD D 
MOV A,H 
STA YDIRFL 
ANA A 
JP CNSTY1 
CALL TWCMHL 
SHLD NSTEPY 
H, L=YMOV-YVAL 
SIGNED RESULT 
SET DIRECTION FLAG 
H,L=ABS<H,L) 
SAVE NSTEPY 
.CSLOPE-CALCULATES ISLOPE AND RSLOPE 
.SLOPE=NSTEPY/NSTEPX 
,ISLOPE=INT(SLOPE) 
,RSLOPE=SLOPE-ISLOPE 
CSLOPE POP D 
MOV A, D 
ORA E 
JNZ CSL0P1 
MOV B,H 
MOV C,L 
LDA YDIRFL 
ANA A 
JP YSTEPU 
JMP YSTEPD 
CSLOP1 CALL DIVIDE 
PUSH H 
MOV H, B 
MOV L, C 
SHLD ISLOPE 
POP H 
, NSTEPX ZERO"' 
,NO-JMP CSLOP1 
,YES-STEP Y ONLY 
,DETERMINE DIRECTION OF Y MOVE 
, UP-> 
,YES-STEP UP 
,NO-STEP DOWN 
, B, C= I NT (NSTEPY/NSTEPX) 
,SAVE REMAINDER-NSTEP 
,SAVE ISLOPE 
RESTORE REMAINDER-NSTEPY 
,LPOLT-
LPLGT 
MVI C,0 
CALL FRACDI 
CALL FRACDI 
MOV H, B 
MOV L, C 
SHLD RSLOPE 
LXI H, 0 
SHLD FSTEP 
LDA PLOTFL 
ANA A 
JZ LCRT 
CONTROLS PL 
LHLD NSTEPX 
MOV A, H 
ORA L 
RZ 
DCX H 
SHLD NSTEPX 
CALL STEPX 
CALL STEPY 
JMP LPLOT 
,SAVE REAL PART OF SLOPE 
.CLEAR FRACTIONAL PART OF STEP 
, CRT? 
,YES-USE CRT LINE PLOT ROUTINE 
LOAD X STEP COUNTER 
STEP AGAIN? 
. YES-DECREMENT X STEP COUNTER 
, SAVE X STEP COUNTER 
.STEP X 
,STEP Y 
, JUMP TO TOP OF PLOTTING LOOP 
; L C R T - CONTROLS PLOTTING OF LINES ON CRT 
LCRT LHLD NSTEPX 
MOV A, H 
ORA L 
JZ LCRTB 
DCX H 
SHLD NSTEPX 
L X I B, 8 
CALL STEPX1 
CALL STEPY 
JMP LCRT 
.LOAD X STEP COUNTER 
,STEP AGAIN0 
, NO-SET YVAL=YMOV, XVAL=XMOVS 
. YES-DCX COUNTER 
.STEP X 
,STEP Y 
.JMP TO TOP OF PLOTTING LOOP 
.LCRTB- PLOTS LAST POINT ON CRT 
.XVAL=XMOVS LCRTB LHLD XMOVS 
SHLD XVAL 
LHLD YMOV ,YVAL=YMOV 
SHLD YVAL 
JMP CRTOUT . PLOT LAST POINT 
STEPX- STEPS X IN CORRECT DIRECTION 
STEPX. 
STEPX1 
LXI B. 1 
LDA XDIRFL 
ANA A 
JP XSTEPU 
JMP XSTEPD 
,STEP X ONCE 
. UP"' 
,YES-STEP UP 
, NO-STEP DOWN 
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.STEPY- STEPS Y T H E CORRECT NUMBER OF TIMES FOR X STEP(S) 
.LOAD REAL PART OF SLOPE STEPY LHLD RSLORE 
XCHG 
LHLD F5TER 
DAD D 
SHLD FSTER 
LHLD ISLORE 
JNC STEPY 1 
INX H 
STEPY 1 MOV B, H 
MOV C L 
LDA YDIRFL. 
ANA A 
JP YSTEPU 
JMP YSTEPD 
, FRACDI -CALCULATES REAL PART OF SLOPE 
FRACDI 
LOAD FRACTIONAL PART OF STEP 
ADD REAL PART OF SLOPE 
.CARRY FROM FRACTIONAL PART? NO-JMP 
iYES-INCREMENT ISLOPE THIS CYCLE 
iSTEP Y 
.DIRECTION' 
MOV BiC 
XCHG 
CALL TWCMHL 
XCHG 
DAD D 
MOV A,H 
MOV H.L 
MVI L,0 
JMP DIVIDA 
. B. C=B, C # 2 5 6 
,H , L=(REMAINDER-NSTEPY)+NSTEPY 
, A, Hi L=H, L # 2 5 6 
, B, C =B. C+ (A, H, L/NSTEPY) 
, PLOTXM-PLOTS A CROSS A T THE PRESENT LOCATION 
OF THE PLOTTER 
.TURN ON PLOTTER 
,PLOT HOR BAR 
,PLOT VER BAR 
PLOTXM CALL TPPOIM 
CALL BAR 
PLOTX1 L X I B, NXM 
CALL YSTEPU 
L X I B, NXM-*-NXM 
CALL YSTEPD 
LXI B, NXM 
CALL YSTEPU 
JMP TPPOFF " , TURN PLOTTER OFF 
, 
.PLOTEB-PLOTS DATA POINT WITH ERROR BARS 
PLOTEB CALL TPPOIM 
CALL BAR 
LHLD ERROR 
MOV B. H 
MOV C L 
CALL YSTEPU 
CALL BAR 
.TURN PLOTTER ON 
.DRAW CENTER BAR 
.MOVE TO TOP OF ERROR BAR 
.DRAW TOP CROSS BAR 
, BAR-
BAR 
LHLD ERROR 
DAD H 
MOV B, H 
MOV C, L 
CALL YSTEPD 
CALL BAR 
LHLD ERROR 
MOV B. H 
MOV C, L 
CALL YSTEPU 
LXI D,-20 
LHLD ERROR 
DAD D 
JNC PLOTXI 
JMP TPPOFF 
PLOTS HOR BAR 
LXI B.NXM 
CALL XSTEPU 
LXI B,NXM+NXM 
CALL XSTEPD 
LXI B, NXM 
JMP XSTEPU 
,MOVE TO BOTTOM OF ERROR BAR 
.DRAW BOTTOM CROSS BAR 
, MOVE BACK TO CENNTER OF ERROR BAR 
, ERROR? 2C.n 
, NO-PLOT VER. BAR 
,YES-TURN PLOTTER OFF 
.MOVE RIGHT 
,MOVE LEFT 
. MOVE, TO CENTER 
,ENDPLT-END OF PLOT ROUTINE 
ENDPLT .TURN PLOTTER OFF 
.MOVE X TO ZERO 
,MOVE Y 300 STEPS BELOW PLOT 
CALL TPPOFF 
LXI H, 30 
CALL XOUT 
LHLD YVAL 
LXI D, 300 
DAD D 
MOV B, H 
MOV C, L 
CALL YSTEPD 
MVI A, OFH 
JMP TPPCOT 
NUMOUT-ROUTINE TO CONVERT BINARY NUMBERS TO ASCII 
AND PRINT THE ASCII CHARACTERS IMMEDIATELY 
ON THE TPP 
NUMOUT CALL NUMOTl 
MVI A, 17H 
JMP TPPDOT 
.CONVERT NUMBER 
.PRINT NUMBER NOW 
NUMOTl-ROUTINE TO CONVERT BINARY NUMBERS TO ASCII 
AND SEND THE ASCII CHARACTERS TO THE TPP 
FOR PRINTING 
NUMOTl- MVI A, 6 ,PREPARE TTP FOR CHARACTER 
NUM0T2 
NUMCON 
NUMCN1 
NUMCNB 
NUMNZ 
CALL TPPCOT 
LXI B, ' 0' 
MOV A, H 
ANA A 
JP NUM0T2 
CALL TWCMHL 
LXI D.-100 
CALL NUMCON 
LXI D,-10 
CALL NUMCON 
LXI D,-1 
MOV B, C 
MOV A, C 
DAD D 
JNC NUMCNB 
-INR A 
JMP NUMCN1 
XCHG 
CALL TWCMHL 
DAD D 
CMP C 
JNZ NUMNZ 
MOV A, B 
JMP TPPDOT 
MOV B, C 
JMP TPPDOT 
i NUMBER NEGATIVE? 
{NO-JUMP NUM0T2 
.YES-MAKE POSIVIVE 
.LOAD DIVISOR 
,DIVIDE 
• LOAD DIVISOR 
,DIVIDE 
.LOAD DIVISOR 
,INCREMENT COUNTER 
,RESTORE REMAINDER 
,YSTEPU-STEPS Y UP B, C 
YSTEPU LDA PLOTFL 
ANA A 
JZ YCRTU 
MVI D# OBFH 
JMP YSTEPS 
.PRINT CHARACTER 
0 
,PRINT CHARACTER 
TIMES 
.CRT ENABLED-
.YES-JMP YCRTU 
.SET STEPPING SPEED -0 00 
,YSTEPD-
YSTEPD 
YSTEPS 
STEPS Y DOWN B.C TIMES 
,CRT ENABLED-
YSTEP1 
LDA PLOTFL 
ANA A 
JZ YCRTD 
MVI D, 3FH 
MOV A, D 
ANA A 
PUSH D 
LHLD YVAL 
XCHG 
MOV H. B 
MOV L, C 
JM YSTEP1 
CALL TWCMHL 
DAD D 
,YES-JMP YCRTD 
, SET STEPPING SPEED +0. 00 
.CALCULATE NEW YVAL AFTER STEPS 
YSTEP2 
SHLD YVAL 
MVI A, 8 
POP D 
CALL TPPCOT 
MOV A, D 
CALL TPPDOT 
MOV A, B 
ORA C 
RZ 
MVI A, 3 
CALL TPPCOT 
CALL DELAY 
DCX B 
JMP YSTEP2 
.SAVE NEW YVAL 
,SET CHART SPEED 
.ENOUGH STEPS'' 
,YES-RETURN 
, NO-STEP AGAIN 
.WAIT TO STEP AGAIN 
.DECREMENT STEP COUNTER 
, NO-STEP AGAIN 
,XSTEPU-
XSTEPU 
STEPS X UP B, C TIMES 
.CRT ENABLED' LDA PLOTFL 
ANA A 
JZ XCRTU 
LXI D. 1 
JMP XSTEP 
. YES-JMP XCRTU 
.SET STEPPING DIRECTION 
,XSTEPD-STEPS X DOWN B, C TIMES 
.CRT ENABLED' XSTEPD LDA PLOTFL 
ANA A 
JZ XCRTD 
LXI D.-l 
,YES-JMP XCRTD 
.SET STEPPING DIRECTION 
,XSTEP- STEPS X B, C TIMES 
XSTEP LHLD XVAL 
XSTEP1 CALL XOUT 
DAD D 
MOV A.B 
ORA C 
DCX B 
JNZ XSTEP1 
RET 
,XOUT- OUTPUTS X TO TPP 
XOUT: MVI A,04 
CALL TPPCOT 
MOV A, H 
CALL TPPDOT 
MVI A,05 
CALL TPPCOT 
MOV A, L 
CALL TPPDOT 
SHLD XVAL 
, LOAD PRESENT X VALUE 
, STEP TO NEW X 
.COUNTER ZERO-' 
, DECREMENT POINTER 
, NO-STEP AGAIN 
,YES-RETURN 
OUTPUT NEW X 
, SAVE NEW XVAL 
CALL DELAY 
RET 
,CALL DELAY 
, YCRTU-
YCRTU 
YCRTU1 
STEPS THE CRT PLOTTER UP Y B,C TIMES 
.CALCULATE FINAL YVAL LHLD YVAL 
DAD B 
SHLD YMOV1 
LXI H.-11 
DAD B 
JNC YCRTBA 
MOV B. H 
MOV C,L 
LHLD YVAL 
LXI D, 11 
DAD D 
SHLD YVAL 
CALL CRTOUT 
JMP YCRTU1 
.YVAL(FINAL)=YMOVl 
.STEPS<11? 
,YES-JMP YCRTBA PLOT FINAL PT. 
,NO-SAVE STEPS 
,YVAL=YVAL+11 
.PLOT POINT 
,JMP TO TOP OF LOOP 
, YCRTD-
YCRTD 
YCRTD 1 
STEPS THE CRT PLOTTER DOWN Y B, C TIMES 
MOV H, B .CALCULATE FINAL YVAL 
MOV L, C 
CALL TWCMHL 
XCHG 
LHLD YVAL 
DAD D 
SHLD YMOV1 
LXI H.-ll 
DAD B 
JNC YCRTBA 
MOV B, H 
MOV C, L 
LHLD YVAL 
LXI D,-11 
DAD D 
SHLD YVAL 
CALL CRTOUT 
JMP YCRTD1 
YVAL(FlNAL)=YMOVl 
,YES-JMP YCRTBA PLOT LAST PT 
,NO-SAVE STEPS 
,YVAL=YVAL-11 
,PLOT POINT 
,JMP TO TOP OF LOOP 
,XCRTU-STEPS THE CRT PLOTTER UP X B. C TIMES 
XCRTU 
XCRTU1 
LHLD XVAL 
DAD B 
SHLD XMOV1 
LXI H.-16 
DAD B 
JNC XCRTBA 
MOV B, H 
MOV C,L 
LHLD XVAL 
.CALCULATE FINAL XVAL 
, XMOVl=XVAL(FINAL) 
, STEPS:i6"' 
,YES-JUMP XCRTBA PLOT LAST PT. 
,NO-SAVE STEPS 
.XVAL=XVAL+16 
LXI D, 16 
DAD D 
SHLD XVAL 
CALL CRTOUT 
JMP XCRTU1 
i PLOT POINT 
,JMP TO TOP OF LOOP 
, XCRTD-STEPS THE X ON THE CRT B, C TIMES 
XCRTD .CALCULATE FINAL XVAL 
XCRTD1 
MOV H, B 
MOV L, C 
CALL TWCMHL 
XCHG 
LHLD XVAL 
DAD D 
SHLD XMOV1 
LXI H, -16 
DAD B 
JNC XCRTBA 
MOV B, H 
MOV C,L 
LHLD XVAL 
LXI D, -16 
DAD D 
SHLD XVAL 
CALL CRTOUT 
JMP XCRTD1 
,YCRTBA-SETS YVAL=YMOVl AND PLOTS FINAL POINT 
,XMOVl=XVAL(FINAL) 
, STEPS'! 16 •• 
,YES-JUMP XCRTBA 
,NO-SAVE STEPS 
,XVAL=XVAL-16 
. YVAL=YMOVl 
,PLOT FINAL POINT 
, XCRTBA-SETS XVAL=XMOVl AND PLOTS FINAL POINT 
,XVAL=XMOVl 
,PLOT FINAL POINT 
, CRTOUT-PLOTS POINT (YVAL, XVAL) ON CRT 
YCRTBA LHLD YMOV1 
SHLD YVAL 
JMP CRTOUT 
XCRTBA LHLD XMOV1 
SHLD XVAL 
JMP CRTOUT 
CRTOUT LDA PLOTST 
ANA A 
RZ 
PUSH B 
LHLD YVAL 
LXI D, 50 
DAD D 
LXI D, 11 
CALL DIVIDE 
MOV H, B 
MOV L, C 
. PLOTTER ON? 
, NO-RETURN 
,YES-SAVE B 
, LOAD YVAL 
j ADD OFFSET FOR TV SCREEN 
.DIVIDE TO SHRINK FOR TV 
,MULTIPLY BY 16 TO GET ROW 
,ADDRESS FROM BOTTOM 
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CRT0T1 
CRT0T2 
CRTOT3 
DAD H 
DAD H 
DAD H 
DAD H 
DAD H 
CALL TWCMHL 
LXI D.VIDRAM+6 
DAD D 
PUSH H 
LHLD XVAL 
LXI D, 100 
DAD D 
LXI D, 16 
CALL DIVIDE 
POP H 
MOV A, C 
ANI 007H 
MOV B, A 
MOV A. C 
RRC 
RRC 
RRC 
ANI 01FH 
MOV E, A 
MVI D, 0 
DAD D 
MOV A, B 
ANA A 
JZ CRT0T2 
MVI A,80H 
RRC 
DCR B 
JNZ CRT0T1 
JMP CRT0T3 
MVI A, 80H 
ORA M 
MOV M, A 
POP B 
RET 
, CALCULATE ADDRESS FROM TOP 
112 
. 
i SAVE COLUMN ADDRESS 
i LOAD XVAL 
, ADD OFFSET FOR TV SCREEN 
.DIVIDE BY 16 TO SHRINK FOR TV 
, RESTORE ROW ADDRESS 
.PREPARE TO MAKE BIT MASK 
. SAVE COUNTER FOR BIT MASK 
. CALCULATE ADDRESS IN ROW 
, CALCULATE COMPLETE ADDRESS 
, CALCULATE BIT MASK 
,SET BIT MASK IN MEMORY 
LIST 
CONVERT VARIABLES FROM 8080 F. P. TO FORM 
USABLE BY 9511 AND ASSEMBLY ROUTINES 
ANALY LHLD L0CW1 
CALL INT 
SHLD Wl 
LHLD L0CW2 
CALL INT 
. CONVERT Wl TO INTEGER 
,SAVE Wl 
, CONVERT W2 TO INTEGER 
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SHLD W2 
XCHG 
LHLD Wl 
CALL RSMUL 
SHLD P 
SHLD PW1W2 
INX H 
SHLD PPLUS1 
XCHG 
LHLD LOCHIA 
CALL C080*5 
LHLD PPLUS1 
XCHG 
LHLD L0CC2A 
CALL C080*5 
LHLD PPLUS1 
XCHG 
LHLD LOCE1A 
CALL C080*5 
MVI E,1 
LHLD LOCEl 
CALL C080*5 
MVI E, 5 
LHLD LOCJA 
CALL C080*5 
MVI E,1 
LHLD L0CE2 
CALL C080*5 
LHLD PPLUS1 
XCHG 
LHLD LOCIOA 
CALL C08095 
LHLD PPLUS1 
XCHG 
LHLD LOCAOA 
CALL C08095 
.SAVE W2 
.CALCULATE W1#W2 
,P=W1*W2 
,PW1W2=W1KW2 
,PPLUS1=P+1 
.CONVERT CIO/ C 
, CONVERT ElO 
,CONVERT El 
, CONVERT JO 
,CONVERT E2 
.CONVERT 10O 
,CONVERT AO() 
CALCULATE THE SCUARE ROOT OF Wl TO BE USED 
FOR CALCULATION OF EIGENVALUES AND VECTORS 
LXI H,CON100 
CALL MOVFI 
LHLD L0CW1 
CALL MOVFI 
MVI A, SQRT*5 
CALL C0M95 
MVI A, FDIV*5 
CALL C0M95 
LXI H, CS0RW1 
CALL MOVFO 
LHLD LOCC 
CALL ZERO 
.STK951K1) 
.CALCULATE SCRT(Wl) 
,STK*511(W1, 1) 
,STK*511(SCRT(W1). 1) 
, STK*51 HI/SORT<W1>) 
.CSCRW1=T0S 
, C=0 
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CALCULATE SPECTRA, INTENSITIES, AND 
THE CONCENTRATION OF THE ANALYTE 
CALL ANAL 
CONVERT VARIABLES FROM 9511 TO 8080 FP 
.CONVERT Wl MVI E, 1 
LHLD L0CW1 
CALL C0*580 
MVI E, 1 
LHLD L0CW2 
CALL C09580 
LHLD PPLUSi 
XCHG 
LHLD L0CC1A 
CALL C09580 
LHLD PPLUSI 
XCHG 
LHLD L0CC2A 
CALL C09580 
MVI E, 5 
LHLD LOCJA 
CALL C0*580 
MVI E, 3 
LHLD LOCFA 
CALL C0*580 
MVI E, 3 
LHLD LOCRA 
CALL C0*580 
LHLD PPLUSI 
XCHG 
LHLD LOCIOA 
CALL C09580 
LHLD PPLUSI 
XCHG 
LHLD LOCAOA 
CALL C0*580 
MVI E, 1 • 
LHLD LOCC 
CALL C0*580 
MVI E, 1 
LHLD L0CE1 
CALL C0*580 
LHLD PPLUSI 
XCHG 
LHLD LOCDA 
CALL C09580 
MVI E, 7 
LHLD LOCK1A 
,CONVERT W2 
.CONVERT CIO 
,CONVERT C2() 
.COJMVERT J O 
.CONVERT F O 
.CONVERT R O 
.CONVERT 10() 
.CONVERT AOO 
,CONVERT C 
,CONVERT El 
.CONVERT D O 
i CONVERT KIO 
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CALL C0*580 
MVI E. 7 
LHLD L0CL1A 
CALL C09580 
LHLD PPLUSI 
XCHG 
LHLD L0CE1A 
CALL C0*580 
MVI E. 1 
LHLD L0CE2 
CALL C09580 
RET 
ANAL LXI H.DATTY1 
CALL MESOTT 
CALL TITLEO 
LDA BUFTTP 
CPI 'N' 
JZ ANAL1 
CPI 'Y' 
JNZ ANAL 
LXI D, 78 
LXI H,SARRAY 
CALL ARRZER 
LXI D, 78 
LXI H. I ARRAY 
CALL ARRZER 
LXI D, 78 
LXI H,AARRAY 
CALL ARRZER 
LHLD LOCEl 
CALL ZERO 
LHLD L0CE2 
CALL ZERO 
ANAL1. LHLD PPLUSI 
XCHG 
LHLD LOCC1A 
CALL CALADD 
LXI D, 1 
LXI B, CON 100 
CALL MOVE 
LHLD PPLUSI 
XCHG 
LHLD L0CC2A 
CALL CALADD 
LXI D, 1 
LXI B, CON 100 
CALL MOVE 
LHLD PPLUSI 
XCHG 
LHLD L0CE1A 
CALL CALADD 
CALL ZERO 
i CONVERT LIO 
CONVERT ElO TO 8080 F P 
, CONVERT E2 TO 8080 F. P 
'CLEAR ARRAYS 
READ RESPONCE 
,SO=0 
, I 0=0 
,A()=0 
i E1=0 
, E2=0 
,C1(P+1)=1 
,C2(P+1)=1 
ANAL2 
ANAL3-
ANAL7 
ANAL4-
PO=C2( )/CK) 
LHLD PPLUSI 
SHLD I 
XCHG 
LHLD L0CC2A 
MOV B. H 
MOV C L 
LHLD LOCPA 
CALL MOVE 
LHLD LOCC1A 
SHLD Tl 
LHLD LOCPA 
SHLD T2 
LHLD T2 
SHLD T3 
CALL MOVFI 
SHLD T2 
LHLD Tl 
CALL MOVFI 
SHLD Tl 
MVI A.FDIV95 
CALL C0M*5 
LHLD T3 
CALL MOVFO 
LDA I 
DCR A 
STA I 
JNZ ANAL2 
LXI H,DATTY2 
CALL MESOTT 
CALL TITLEO 
LDA BUFTTP 
CPI N 
RZ 
CPI 'S' 
LXI H,SARRAY 
JZ ANAL7 
CPI 'A' 
LXI H,AARRAY 
JZ ANAL7 
CPI 'I 
JNZ ANAL3 
LXI H.IARRAY 
SHLD Tl 
LHLD PPLUSI 
SHLD I 
LHLD LOCPA 
SHLD T3 
LHLD Tl 
,I=P+1 
, PO=C2( ) 
,T1 LOC POINT CIO 
,T2 LOC POINT PO, (C2()) 
, STK*51KPO) 
, STK951KCK ), PO) 
,STK*511(PO), PO=PO/Cl() 
, SAVE P() 
, TEST LOOP 
, 'STORE DATA (NO. S.I. A) ? ' 
,Tl LOC POINTER DEST 
,T3-L0C P() 
.T2=T1 
,STK*511(I?A"-'SO) 
,STK*511(P( ) ) 
A N A L 6 -
SHLD T2 
CALL MOVFI 
SHLD T l 
LHLD T3 
CALL MOVFI 
SHLD T3 
M V I A, FADD*5 
CALL COM95 
LHLD T2 
C A L L MOVFO 
LDA I 
DCR A 
STA I 
•JNZ ANAL4 
LHLD LOC E l 
CALL MOVFI 
LHLD PW1W2 
SHLD I 
LHLD L0CE1A 
SHLD T l 
LHLD T l 
CALL MOVFI 
SHLD T l 
M V I A, FADD*5 
C A L L COM*5 
LDA I 
DCR A 
STA I 
•JNZ ANAL5 
LHLD L0CE1 
C A L L MOVFO 
LHLD L0CE2 
C A L L MOVFI 
L X I H, CON 100 
C A L L MOVFI 
M V I A, FADD*5 
C A L L C0M*5 
LHLD L0CE2 
C A L L MOVFO 
L X I H, DATTY3 
C A L L MESOTT 
CALL TITLEO 
LDA BUFTTP 
C P I 'IM' 
RZ 
C P I 'Y 
J N Z ANAL6 
CALCULATES THE STANDARD SPECTRA OF THE I 
STANDARD (10) AND THE ANALYTE (AO) 
,SAVE El 
,STK*511(E2) 
.STK951K1 0.E2) 
, STK*511(E2), E2=E2+1 00 
, SAVE E2 
, "ANALYZE DATA ?•' 
CALCULATE 10 
CLIOAO LXI H. IARRAY 
SHLD LOCT1 
LXI H,SARRAY 
SHLD L0CT2 
CALL FILTER 
LHLD LOCIOA 
CALL MOVE 
LXI H,STTTY1 
CALL MESOTT 
jCALCULATE AO 
LXI H,AARRAY 
SHLD LOCT1 
LXI H, IARRAY 
SHLD L0CT2 
CALL FILTER 
LHLD LOCAOA 
CALL MOVE 
LXI H,STTTY2 
CALL MESOTT 
JMP STRIP 
.POINT TO I WITH LOCT1 
.POINT TO S WITH L0CT2 
.CALCULATE FILTERED SPEC 
."10," 
,POINT TO A WITH L0CT1 
,POINT TO I WITH L0CT2 
,CALCULATE FILTERED SPEC 
,"AO," 
CALCULATE THE NUMBER OF PRIME FACTORS IN 
THE SPECTRUM CONTAINING THE ADDED ANALYTE 
AND THE INTERNAL STANDARD 
PRIFA MOV B,H 
MOV C L 
LHLD P 
XCHG 
LHLD LOCDA 
CALL MOVE 
LHLD Wl 
SHLD Tl 
CALL COVAR 
LXI H,1 
PRIFA1 SHLD Tl 
SUB A 
OUT P*511D 
OUT P*511D 
OUT P*511D 
OUT P*511D 
INX H 
PRIFA2' SHLD Nl 
XCHG 
LHLD L0CL1A 
CALL CALADD 
CALL MOVFI 
MVI A,FADD*5 
CALL C0M*5 
T1=W1 
CALCULATE ALL EIGENVALUES 
Tl=l (AT LEAST 1 COMPONENT) 
,STK*511(SUMS1). SUMS1=0 
,N1=T1+1 
.SUM EIGEN VALUES Tl+1 TO Wl 
.CALCULATE ADDRESS OF LKN1) 
,STK9511(L1(N1),SUMS1) 
, STK.*511 (SUMS 1), SUMS 1 =SUMS 1+L1 (N1) 
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,RI:EI 
PRIFAS 
LHLD Nl 
INX H 
LDA Wl 
CMP L 
JNC PRIFA2 
LHLD L0CW1 
CALL MOVFI 
LHLD Tl 
MOV A.L 
OUT P*511D 
MOV A, H 
OUT P*511D 
MVI A. FLTS*5 
CALL COM*5 
MVI A, FSUB*5 
CALL COM95 
MVI A,FDIV*5 
CALL C0M*5 
LHLD LOCW2 
CALL MOVFI 
MVI A.FDIV95 
CALL C0M*5 
MVI A, SCRT*5 
CALL COM*5 
LHLD LOCE1 
CALL MOVFI 
MVI A, FSUB*5 
CALL C0M95 
IN P9511C 
ANI 060H 
JNZ PRIFA3 
LHLD Tl 
INX H 
LDA Wl 
CMP L 
JNZ PRIFA1 
LDA Tl 
ADI 030H 
CALL TTYOUT 
LXI H, STTTY3 
JMP MESOTT 
;TEST LOOP PRIFA2 
, IF N1->W1 GOTO PRIFA2 
,STK9511(W1,SUMS1) 
,LOAD Tl IN STACK OF 9511 16-FIX 
,STK9511(Tl(FIX),Wl, SUMS1) 
,STK*511(T1, W1.SUMS1) 
,STK9511(W1-T1,SUMS1) 
,STK9511(TEMPI), TEMPl=SUMSl/(Wl-Tl) 
,STK*511(W2,TEMPI) 
, STK*511(R1*#2), R1##2=TEMP1/W2 
,STK*511(R1) 
,STK9511(E1,R1) 
.STK951KR1-E1) 
,ZER0=20H, NEG=40H 
,TEST LOOP PRIFA1 
, IF TK=W1 JUMP PR I FA 1 
.PRINT NUMBER OF PRIME FACTORS 
,ADD NUMERICAL OFFSET 
, "=FAC " 
STRIP 10 AND AO OUT OF I AND A 
CALCULATE THE CONCENTRATION OF ANALYTE IN SAMPLE 
CALCULATE INTENSITY 10 IN I 
STRIP LXI H, IARRAY 
SHLD L0CT1 
.POINT TO I WITH L0CT1 
CALL PRIFA 
LHLD LOCIOA 
SHLD L0CT2 
CALL FINDF 
LHLD BO 
XCHG 
LHLD LOCFA 
CALL CALADD 
MOV B, H 
MOV C L 
LXI D, 1 
LHLD LOCJA 
CALL MOVE 
PUSH H 
LXI H,STTTY4 
CALL MESOTT 
, CALCULATE NUMBER OF PRIM FACTORS 
.POINT TO 10 WITH L0CT2 
.STRIP 10 OUT OF I 
,J(1)=F(B0) 
,STK8080(POINTJ), J POINTER 
, "IO/I, " 
.CALCULATE INTENSITY AO IN I 
,POINT TO AO WITH L0CT2 LHLD LOCAOA 
SHLD L0CT2 
CALL FINDF 
LHLD BO 
XCHG 
LHLD LOCFA 
CALL CALADD 
MOV B, H 
MOV C L 
LXI D, 1 
POP H 
CALL MOVE 
PUSH H 
LXI H, STTTY5 
CALL MESOTT 
,CALCULATE INT OF 10 
, STRIP AO OUT OF I 
, J ( 2 ) = F ( B 0 ) 
LXI H, AARRAY 
SHLD 
CALL 
LHLD 
SHLD 
CALL 
LHLD 
XCHG 
LHLD 
CALL 
L0CT1 
PRIFA 
LOCIOA 
L0CT2 
FINDF 
BO 
LOCFA 
CALADD 
MOV B, H 
MOV C :,L 
LXI D, 1 
POP H 
CALL MOVE 
,STK8080 ( / ) , RESTORE J POINTER 
.STK808CKP0INTJ) 
, " A O / I , " 
IN A 
,POINT TO A WITH L0CT1 
.CALCULATE NUMBER OF PRIM FACTORS 
.POINT TO 10 WITH L0CT2 
,STRIP 10 OUT OF A 
,J(3)=F(B0) 
, RESTORE J POINTER 
PUSH H ,STK8080(P0INTJ) 
LXI H, STTTY6 , "lO^A, " 
CALL MESOTT 
,CALCULATE INTENSITY OF AO IN A 
LHLD LOCAOA .POINT TO AO WITH L0CT2 
SHLD L0CT2 
i ESTIMATE J(4) 
J(4)=J(3)#(J(2)+1 0) 
LXI H,CON100 ,STK*511(1 0 
CALL MOVFI 
LXI D.-4 
LHLD LOCJA 
DAD D 
CALL MOVFI ,STK*511(J(2), 1 0) 
MVI A,FADD*5 
CALL C0M95 
LXI D.-8 
LHLD LOCJA 
DAD D 
CALL MOVFI 
MVI A,FMUL*5 
CALL C0M*5 
MVI A,PT0F*5 
CALL C0M*5 
LXI H.FCON 
CALL MOVFI 
MVI A,FMUL*5 
CALL C0M*5 
LHLD LOCFA 
CALL MOVFO 
LXI H,FCON-4 
CALL MOVFI 
MVI A,FMUL*5 
CALL C0M95 
LHLD LOCFA 
LXI D.-4 
DAD D 
CALL MOVFO 
CALL FINDFO .STRIP AO OUT OF A 
LHLD BO ,J(4)=F(B0) 
XCHG 
LHLD LOCFA 
CALL CALADD 
MOV E, H 
MOV C,L 
LXI D, 1 
POP H ,RESTORE J POINTER 
CALL MOVE 
LXI H,STTTY7 
CALL MESOTT 
"AO/A, 
iCALCULATE CONCENTRATION OF ANALYTE 
FINDF 
LHLD LOCJA 
CALL MOVFI 
CALL MOVFI 
PUSH H 
MVI A,XCHF*5 
CALL C0M95 
MVI A,FDIV95 
CALL C0M95 
MVI A,PT0F*5 
CALL C0M95 
POP H 
CALL MOVFI 
CALL MOVFI 
PUSH H 
MVI A,XCHF*5 
CALL C0MC'5 
MVI A,FDIV*5 
CALL C0M95 
MVI A,XCHF*5 
CALL C0M*5 
MVI A,FSUB*5 
CALL C0M95 
MVI A,FDIV*5 
CALL COM^S 
POP H 
CALL MOVFI 
MVI A,FMUL*5 
CALL C0M*5 
LHLD LOCC 
JMP MOVFO 
,5TK9511(J(1)) 
,STK*511(J(2), J(D) 
,STK8080(P0INTJ) 
,STK951L(J(1), J(2)) 
.STK951KC1), C1=J(2)/J(1> 
.STK951KC1.C1) 
,STK8080(/), RESTORE J POINTER 
,STK9511(J(3),C1,C1) 
,STK*511(J(4), J(3),C1, Cl) 
,STK3080(P0INTJ) 
,STK*511(J(3), J(4), Cl, C1) 
, STK*511 (C2, Cl, Cl), C2=J(4)/J(3 
,STK*511(C1,C2, Cl) 
.STK*511(C2-C1, Cl) 
,STK*511(C1/(C2-CD) 
.RESTORE J POINTER 
,STK*511(J(5),C1/(C2-C1)) 
,STK*511(C0NC) 
,C=CONCENTRATION 
CALCULATE THE BEST FUDGE FACTOR 
,F(1)=0 *5. F(2)=0. 97 LXI B,FCON 
LXI D, 2 
LHLD LOCFA 
CALL MOVE 
PREFORM ORGINAL EXPERIMENTS 
FINDFO. LXI H,1 
SHLD T2 
CALL FTEST 
LXI H. 2 
SHLD T2 
CALL FTEST 
,T2=1 
.CALCULATE R(l) 
,T2=2 
.CALCULATE R(2) 
FINDF1 
FINDF2 
F INDF3 
L X I H, 0 
SHLD L9 
L X I B, CONlOrt 
L X I D, 1 
L X I H, FO 
CALL MOVE 
L X I H. 0 
SHLD LOOPFF 
, L9=0 
,F0=1 OO 
, L00PFF=ZERO 
DETERMINE BEST RESPONCE 
LHLD LOCRA 
CALL MOVFI 
CALL MOVFI 
MVI A, FSUB95 
CALL CQM95 
I N P*511C 
ANI 040H 
L X I H, 1 
JNZ FINDF2 
SHLD T2 
INX H 
SHLD BO 
JMP FINDF3 
SHLD BO 
INX H 
SHLD T2 
, R ( 2 ) : - R ( 1 ) ' ? 
, S T r ? 5 1 1 ( R ( l ) ) 
. STK*511(R<2>, R ( l ) ) 
, S T K 9 5 1 1 ( R ( 1 > - R ( 2 ) > 
, NEG=40H 
,T2=1 
, B0=2 
i B0=1 
, T2=2 
TEST DIFFERENCE BETWEEN FUDGE FACTORS 
LHLD LOCFA 
CALL MOVFI 
CALL MOVFI 
MVI A, FBIV95 
CALL C0M95 
L X I H. CONK/) 
CALL MOVFI 
MVI A, FSUB95 
CALL COM95 
MVI A, PT0F^5 
CALL COM95 
MVI A.FMUL^ 
CALL COM95 
L X I H.CON108 
CALL MOVFI 
MVI A, FSUB95 
CALL C0MO5 
I N P9511C 
ANI 060H 
RNZ 
, STK9511(F(1 ) ) 
; S T K 9 S 1 K F ( 2 ) , F ( l ) ) 
, S T K * 5 1 1 ( F ( 1 ) / F ( 2 ) ) 
. S T r c ' 5 1 1 ( l OO, F ( l ) / F ( 2 ) ) 
} STKC '511(D), D = 1 - ( F ( 1 ) / F ( 2 ) ) 
, STK951KD, D) 
J STK?511(D*D) 
; STK9511 (1E-8, D*D> 
, STK9511(D«-D-lE-8) 
, ZER0=O20H, NEG=040H 
MAX NUMBER OF L O O P S REACHED 
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LHLD LOOPFF 
INX H 
SHLD LOOPFF 
MOV A, L 
ANI 80H 
RNZ 
LAST FACTOR TESTED WORST 
LHLD T2 
LDA L* 
CMP L 
SHLD L* 
JNZ FINDF5 
, L*=T2 
,YES JUMP 
TEST FO=0 0 
LXI H, FO 
CALL MOVFI 
LXI H, CON100 
CALL MOVFI 
MVI A,FSUB*5 
CALL C0M*5 
IN P*511C 
ANI 020H 
JNZ FINDF4 
FINDF5 LXI B,CON100 
LXI D, 1 
LXI H, FO 
CALL MOVE 
JMP FINDF6 
,F0=1 00? 
.STK951KF0) 
.STK951K1 00, FO) 
.STK*511(F0-1 00) 
, ZERO"' 
,YES JMP 
,NO- F0=1 00 
CALCULATE NEW FO IF FO WAS EQUAL TO 1 FROM PARABOLA 
F0=(R(T2)-R(3))/(2#<R(3)-2#R(B0)+R(T2> > > 
FINDF4 LHLD T2 
XCHG 
LHLD LOCRA 
CALL CALADD 
PUSH H 
CALL MOVFI 
LXI D, -8 
LHLD LOCRA 
DAD D 
PUSH H 
CALL MOVFI 
MVI A,FSUE*5 
CALL C0M*5 
POP H 
CALL MOVFI 
SAVE ADDRESS R(T2) 
STK*511(R(T2)) 
,SAVE ADDRESS R(3) 
.STK*511(R(3),R(T2)) 
,STK^511(TEMPI). TEMP1=R(T2)-R(3) 
,RESTORE ADDRESS R(3) 
,STK*511(R(3),TEMP1) 
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FINDF7 
POP H 
CALL MOVFI 
MVI A,FADD*5 
CALL C0M95 
LHLD BO 
XCHG 
LHLD LOCRA 
CALL CALADD 
CALL MOVFI 
MVI A, PTOF*5 
CALL C0M95 
MVI A,FADD95 
CALL C0M*5 
MVI A,FSUB*5 
CALL C0M95 
MVI A,PTOF*5 
CALL C0M95 
MVI A,FADD95 
CALL COM95 
MVI A,FDIV*5 
CALL C0M95 
TEST FO-IO 25 
MVI A, PTOF*5 
CALL C0M*5 
LXI H, CONE 
CALL MOVFI 
MVI A, FSUB95 
CALL C0M*5 
IN P*511C 
PUSH PSW 
IN P*511D 
IN P*511D 
IN P*511D 
IN P*511D 
POP PSW 
ANI 040H 
JZ FINDF7 
LXI H, CONE 
CALL MOVFI 
LXI H, FO 
CALL MOVFO 
CALCULATE NEW TEST F 
.RESTORE ADDRESS R(T2) 
, STK*511(R(T2), R(3), TEMPI) 
, STK9511(TEMP2, TEMPI), TEMP2=R(T2) 
, STK*511(R(B0),TEMP2, TEMPI) 
, STK*511(R(BO), R(BO), TEMP2, TEMP1) 
, STK*511(2#R(BO), TEMP2, TEMP1) 
, STK9511(TEMPS, TEMr1), TEMP3=TEMP2 
, STK*511(TEMPS, TEMPS, TEMPI) 
, STK9511(2#TEMP3, TEMPI)" 
, STK*511(FO), FO=T1/(2#T3) 
, STK*51i(F0.F0) 
, STK*511(0 25,FO,FO) 
, STK9511(T1. FO), T1=FO-0. 25 
, NEG"' 
, SAVE RESPONCE 
, CLEAR 9511 
, RESTORE RESPONCE 
, TEST 
, NO-JMP 
, STK*5il(F0),F0=0 25 
FINDF6 LHLD BO 
XCHG 
LHLD LOCFA 
CALL CALADD 
CALL MOVFI 
MVI A,PT0F*5 
, STK9511(F(B0)) 
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FINDF* 
FINDFA 
CALL C0M*5 
LHLD T2 
XCHG 
LHLD LOCFA 
CALL CALADD 
PUSH H 
CALL MOVFI 
MVI A,FSUB95 
CALL C0M*5 
LXI H, FO 
CALL MOVFI 
MVI A,FMUL*5 
CALL C0M*5 
MVI A,FADD*5 
CALL C0M95 
DETERMINE IF F 
MVI A,PT0F95 
CALL C0M*5 
MVI A,PT0F*5 
CALL C0M95 
LXI H,FMIN 
CALL MOVFI 
MVI A,FSUB*5 
CALL C0M*5 
IN P9511C 
ANI 060H 
JZ FINDF9 
LXI H,FMIN 
CALL MOVFI 
LXI H,FO 
CALL ZERO 
JMP FINDF8 
MVI A, P0PF*5 
CALL C0M95 
LXI H.FMAX 
CALL MOVFI 
MVI A.FSUB*5 
CALL C0M95 
IN P9511C 
ANI 060H 
JNZ FINDFA 
LXI H,FMAX 
CALL MOVFI 
LXI H,FO 
CALL ZERO 
JMP FINDF8 
MVI A,P0PF*5 
CALL C0M95 
iSTK*511(F(B0),F(B0)) 
.SAVE ADDRESS F(T2) 
,STK9511(F(T2),F(B0).F(B0)) 
;STK*511(TEMPI,F(BO)), TEMP1=F(B0) 
,STK*511(F0,TEMPI, T<BO)) 
,STK9511(TEMP2, F(BO)), TEMP2=F0 
,STK9511(F(BO)+TEMP2) 
IS WITHIN THE PROPER RANGE 
,MAKE TWO COPIES OF F 
,LESS THAN FMIN "' 
,ZERO OR NEG ? 
,NO-JMP 
.REMOVE LAST RESULT 
,ZERO OR NEG ? 
.YES JMP 
SAVE F(T2) 
373 
FINDF8 
FTEST 
POP H 
CALL MOVFO 
CALL FTEST 
JMP FINDF1 
CALCULATE F 
DCALC 
T2 
LOCRA 
CALADD 
B, H 
C L 
CALL 
LHLD 
XCHG 
LHLD 
CALL 
MOV 
MOV 
PUSH B 
LXI D,-8 
LHLD LOCRA 
DAD D 
LXI D, 1 
CALL MOVE 
CALL COVAR 
LHLD 
XCHG 
LHLD 
CALL 
MOV 
MOV 
LXI 
POP 
JMP 
Tl 
LOCL1A 
CALADD 
B, H 
C, L 
D, 1 
H 
MOVE 
RESTORE ADDRESS F(T2) 
F(T2)=TEMP3 
TEST F(T2) 
RESPONCE 
, CALCULATE D() 
JAVE ADDRE 5 5 R(T2) 
CALCULATE LOCATION R(3) 
R(3)=R(T2) 
CALCULATE EIGEN VECTORS AND VALUES 
R(T2)=L1(T1) 
CALCULATES THE DATA MATRIX TO BE TESTED 
DCALC LHLD 
XCHG 
LHLD 
CALL 
CALL 
T2 
LOCFA 
CALADD 
MOVFI 
MVI A,CHSF*5 
CALL COM*5 
LHLD LOCT1 
MOV B, H 
MOV C. L 
LHLD P 
XCHG 
LHLD LOCDA 
PUSH H 
CALL MOVE 
LHLD L0CT2 
PUSH H 
LXI H, 1 
STK9511(F(T2)) 
STK<>511<-F(T2) ) 
D()=T1() 
STK8080(LOCT2, LOCD) 
Nl = l 
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DCALC1 
COVAR 
COVAR1 
C0VAR2 
SHLD Nl 
MVI A,PT0F*5 
CALL COM95 
POP H 
CALL MOVFI 
MVI A,FMUL95 
CALL COM95 
XTHL 
PUSH H 
CALL MOVFI 
MVI A,FADD95 
CALL C0M95 
XTHL 
CALL MOVFO 
POP H 
XTHL 
PUSH H 
LHLD Nl 
INX H 
LDA P 
CMP L 
JNC DCALC1 
POP H 
POP H 
RET 
COVAR-CALCULATES COVARIENCE MATRIX 
,STK9511(-F(T2),-F(T2)) 
.STK9511(T2(N1),-F(T2), -F(T2)) 
,STK*511(TEMPI,-F(T2)), TEMP1=-F(T2 
,POINT TO D(N1) 
,STK*511(D(N1),TEMPI,-F(T2)) 
,STK9511(TEMP2,-F(T2)). TEMP2=D(N1) 
,D(N1)=TEMP2 
STK80SCKP0INTT2, POINTD) 
LOOP TEST DCALC1 
LXI H,1 
SHLD Nl 
SHLD N2 
LHLD Nl 
DCX H 
XCHG 
LHLD Wl 
CALL RSMUL 
XCHG 
LHLD N2 
DAD D 
XCHG 
LHLD LOCZA 
CALL CALADD 
SHLD L0CZN3 
LHLD N2 
DCX H 
XCHG 
LHLD Wl 
CALL RSMUL 
XCHG 
LHLD Nl 
DAD D 
XCHG 
,N1 = 1 
,N2=N1 
,N3=W1*(N1-1)+N2 
D, E=H, L 
, H. L=N3 
.CALCULATE ADDRESS LOW BYTE Z(N3) 
.SAVE LOCATION Z(N3) 
,N5=W1#(N2-1)+N1 
,CALCUULATE ADDRESS LOW BYTE Z(N5) 
C0VAR3 
C0VAR4 
LHLD LOCZA 
CALL CALADD 
SHLD L0CZN5 
SUB A 
OUT P*511D 
OUT P*511D 
OUT P*511D 
OUT P*511D 
LXI H, 1 
SHLD N4 
DCX H 
XCHG 
LHLD Wl 
CALL RSMUL 
PUSH H 
XCHG 
LHLD Nl 
DAD D 
XCHG 
LHLD LOCDA 
CALL CALADD 
CALL MOVFI 
POP D 
LHLD N2 
DAD D 
XCHG 
LHLD LOCDA 
CALL CALADD 
CALL MOVFI 
MVI A,FMUL*5 
CALL C0M*5 
MVI A,FADD*5 
CALL C0M95 
LHLD N4 
INX H 
W2 
L 
C0VAR4 
A,PT0F*5 
C0M95 
L0CZN3 
MOVFO 
L0CZN5 
MOVFO 
N2 
LDA 
CMP 
JNC 
MVI 
CALL 
LHLD 
CALL 
LHLD 
CALL 
LHLD 
INX H 
LDA Wl 
CMP L 
JNC C0VAR2 
LHLD Nl 
INX H 
LDA Wl 
.SAVE LOCATION Z(N5) 
,STK*511(Z), Z=0 
JN4=1 
}N6=W1#(N4-1) 
.CALCULATE FIRST D ADDRESS 
,STK*511(D(N6+N1),Z) 
, D, E=N6 
, STK*511 (D (N6+N2), D(N6+N1), Z) 
,STK*511(D#D, Z) 
. S T K 9 5 1 K Z ) , Z=Z+B*B 
,N4=N4+1 
, STK951HZ, Z) 
,Z (N3)=Z 
,Z (N5)=Z 
,N2=N2+1 
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EIGEN. 
EIGEN1 
CMP L 
JNC C0VAR1 
CALCULATE EIGENVECTORS AND EIGENVALUES 
LXI H. 1 ,N5=1 
CALCULATE EIGENVALUE N5 
SHLD N5 
LHLD LOCK1A 
PUSH H 
LXI H, 1 
,STK8080(POINTK1) 
,N1 = 1 
SET EIGENVECTOR ECUAL TO STARTING VALUE 
EIGEN2 
EIGENA 
EIGENS 
SHLD Nl 
LXI B, CSORW1 
LXI D, 4 
POP H 
CALL MOVE1 
PUSH H 
LHLD Nl 
INX H 
LDA Wl 
CMP L 
JNC EIGEN2 
POP H 
LXI H, 1 
SHLD NEIGEN 
LXI H, 1 
SHLD Nl 
SUB A 
OUT P*511D 
OUT P*511D 
OUT P*511D 
OUT P*511D 
LXI H. 1 
K1<N1)=1/S0RT(W1) 
TEST LOOP EIGEN2 
N1=N1+1 
,SET ITERATION COUNTER 
, Nl = l 
,3TK*511(0> 
,STK*511(K2(ND), t2(Nl)=0 
, N2=l 
EIGEN4-
CALCULATE TEMP EIGENVECTOR ELEMENTS I KN2) 
SHLD N2 
XCHG 
LHLD LOC 1A 
CALL CALADD 
CALL MOVFI 
LHLD Nl 
DCX H 
XCHG 
LHLD Wl 
CALL RSMUL 
XCHG 
,STK9511(K1(N2). K2(N2)) 
)N3=W1*(N1-1)+N2 
L H L D N2 
DAD D i H . L=N3 
XCHG 
L H L D LOCZA 
C A L L CALADD 
C A L L MOVFI , S T K * 5 1 1 ( Z ( N 3 ) , \ K N 2 ) , K2(N1) ) 
M V I A, FMUL'r'5 
C A L L C0M*5 , S T K * 5 1 1 ( Z ( N 3 ) # K 1 ( N 2 ) , K 2 ( N 1 ) ) 
MVI A.FADD*5 
C A L L COM*5 , S T F * 5 1 1 ( K 2 ( N i ) ) 
L H L D N2 , TEST LOOP EIGEN4 
I N X H ' 
LDA Wl 
C M P - L 
JNC EIGEN4 
L H L D Nl 
XCHG 
L H L D LOO 2A 
C A L L CALADD 
C A L L MOVFO , K2(N1 ) =TOS 
L H L D Nl 
INX H 
LDA Wl 
CMP L 
JNC E I GENS 
CALCULATE EIGENVALUE 
SUB A ,CALCULATE L l 
OUT P*511D 
OUT P*511D 
OUT P*511D 
OUT P*511D ,• STK*511 ( L 1 ) , L1 =0 
LHLD L0CK2A 
PUSH H 
LXI H, 1 , N l = l 
EIGEN5 SHLD Nl 
POP H 
CALL MOVFI 
PUSH H 
MVI A , P T 0 F * 5 
CALL C0M*5 , S T K * 5 1 1 ( K 2 ( N 1 ) , K 2 ( N 1 ) , L 1 ) 
MVI A ,FMUL*5 
CALL C0M*5 . STK9511(K2(N1)-K+ 2 ( N 1 ) , L l ) 
MVI A , FADD*5 
CALL C 0M95 , STK*511 ( L 1 ) 
LHLD N l . N1=N1 + 1 
INX H 
LDA W l 
CMP L 
JNC EIGEN5 
POP H 
378 
MVI A ,S0RT*5 
C ALL C 0M*5 , S T K * 5 1 1 ( L 1 ) , L 1 »L i * * 0 5 
LHLD L C 0 2A 
PUSH H 
PUSH H 
L X I H, 1 , N 1 = 1 
. 
NORMALIZE TEMP EIGENVECTOR K2() 
EIGEN6 SHLD N1 ,STh *511(L1) 
MVI A,PT0F*5 
CALL C 0M95 ,STK*511< L1, L1> 
POP H 
CALL MOVFI , 3TI-*51ia2(Nl), L1.L1) 
MVI A,XCHF*5 
C ALL C 0M'r'5 , STK*511 (L1 ,\ 2 ( N 1 ) , L1 ) 
MVI A i F D I V * 5 
CALL C0M*5 , STI-*511(K2(N1 )/Ll,Ll) 
XTHL 
CALL MOVFO ,STK*511(Ll), K2(N1)=T0S 
POP H - RESTORE POINTER I'2 
PUSH H 
PUSH H 
LHLD Nl .TEST LOOP EIGEN6 
INX H 
LDA Wl 
CMP L 
JNC EIGEM6 
POP H , END OF LOOP CLEAR STi-8080 
POP H 
CALCULATE SCUARE OF DIFFERENCE 
BETWEEN ELEMENTS OF TEMP EIGENVECTOR (KIO) 
AND TEMP EIGENVECTOR 0 20) 
SUB A 
OUT P*511D 
OUT P*511D 
OUT P9511D 
OUT P*51ID , STK*511(E,Li), E=0 
LHLD LOCK1A 
PUSH H 
LHLD LCCK2A 
PUSH H 
LXI H, t ,N1 = 1 
EIGEN7 SHLD Nl 
POP H 
C ALL MOVFI ,STK*511(K2(N1). E. L1) 
XTHL 
CALL MOVFI ,STr"'511(Kl(Nl),l 2(N1), C.LI) 
PUSH H 
MVI A,FSUB*5 
379 
, STH*51tU ?<N1)-M (Nl).E.Ll) 
. STK*511(E1, El. E, Ll), El=l'2( )-l 1() 
. STI- *51J (Ei Ll) 
.TEST LOOP EIGEN7 
CALL C0M*5 
MVI A,PT0F*5 
CALL C0M*5 
MVI A,FMUL*5 
CALL C0M*5 
MVI A,FADD*5 
CALL C0M*5 
LHLD Nl 
INX H 
LDA Wl 
CMP L 
JNC EIGEN7 
POP H 
POP H 
LHLD L0CK2A 
MOV B. H 
MOV C,L 
LHLD Wl 
XCHG 
LHLD LOCI- 1A 
CALL MOVE 
TEST ERROR BETWEEN TEMP EIGENVECTOR AND EIGENVECTOR 
^ i()42<), SAVE EIGENVECTOR 
LXI H.CONIOS 
CALL MOVFI 
MVI A,FSUB*5 
CALL C0M*5 
IN P*511C 
ANI 060H 
JNZ EIGENL 
LHLD NEIGEN 
INX H 
SHLD NEIGEN 
MOV A, L 
ANI 40H 
JZ EIGENA 
SAVE EIGENVALUE 
ENL MVI A,P0PF*5 
CALL C0M*5 
MVI A,PT0F*5 
CALL COM*5 
LHLD N5 
XCHG 
LHLD LOCL1A 
CALL CALADD 
CALL MOVFO 
MVI A,CHSF*5 
CALL C0M*5 
, CYCLE AGAIN"' 
, ST\ *5UUE-3. E, Ll) 
,STK*511(E-(lE-0), Ll) 
, ZERO OR NEG"' 
,NO-CALCULATE AGAIN 
, STK*51KE-(1E-8),L1> 
, STh*5il(Ll> 
,STK*511(L1. Ll) 
. L1(N5)=T0S 
, STK*511(-L1) 
CALCULATE RESIDUAL MATRIX 
, Nl = l 
EIGENS 
EIGEN* 
LXI H,1 
SHLD N1 
LXI H, 1 
SHLD N2 
PUSH H 
LHLD Nl 
DCX H 
XCHG 
LHLD Wl 
CALL RSMUL 
POP D 
DAD D 
PUSH H 
MVI A,PT0F*5 
CALL C0M*5 
LHLD N2 
XCHG 
LHLD LOrj 1A 
CALL CALADD 
CALL MOVFI 
LHLD Nl 
XCHG 
LHLD LOCI- 1A 
CALL CALADD 
CALL MOVFI 
MVI A,FMUL*5 
CALL C0M*5 
MVI A,FMUL*5 
CALL C0M*5 
POP D 
LHLD LOCZA 
CALL CALADD 
PUSH H 
CALL MOVFI 
MVI A,FADD*5 
CALL COM*5 
POP H 
CALL MOVFO 
LHLD N2 
INX H 
LDA Wl 
CMP L 
JNC EIGEN* 
LHLD Nl 
INX H 
LDA Wl 
CMP L 
JNC EIGEN8 
LHLD N5 
INX H 
, N2=l 
,N3=W1#(N1-1)+N2 
.STK*511(-L1, -Ll) 
,STK*511(K1(N2).-L1,-L1) 
, STK9511U KNl), K1(N2),--L1, -Ll) 
, STi*511U 1(N1)#I'1(N2>, -Ll, -Ll) 
, STK*511(-L1#K1(N1)-*K1(N2), -Ll ) 
,RESTORE N3 
,CALCULATE ADDRESS Z(N3) 
,SAVE ADDRESS Z(N3) 
, STt*511(Z(N3),TEMP. -Ll) 
, STP*51i(Z<N3).-Ll) 
,Z(N3)=TOS 
381 
LDA Tl 
CMP L 
JNC EIGEN1 
RET 
FILTER-CALCULATES THE FILTERED SPECTRUM OF THE ANAL 
AND INTERNAL STANDARD 
IT FIRST CALCULATES THE BEST APPROXIMATION TO THE 
DATA MATRIX 
THE SPECRUM IS THEN CALCULATED FROM THE FIRST COL 
AND ROW MATRICES 
FILTER LXI B.FMM1 .SET LIMITS ON F 
LXI D,02 
LXI H.FMIN 
CALL MOVE 
LXI H, 2 .FIND BEST FUDGE FACTOR 
SHLD Tl 
CALL FINDF 
CALCULATE DATA MATRIX TO BE FILTERED 
. 
LHLD BO 
SHLD T2 
CALL DCALC 
. 
CALCULATE FIRST EIGEN VECTOR-". COLUMN MATRIX 
SAVE IN H O 
i 
LXI H, 1 
SHLD Tl 
CALL COVAR 
CALCULATE ROW VECTOR-: BY MULT DATA MATRIX BY 
TRANSPOSE OF COLUMN MATRIX SAVE IN P O 
LXI H, 1 .N2=l 
FILTR1 SHLD N2 
SUB A ,TOS=0 
OUT P*511D 
OUT P*511D 
OUT P*511D 
OUT P*511D 
LXI H, 1 ,N1 = 1 
FILTR2- SHLD Nl 
XCHG .CALCULATE ADD H(N1) 
LHLD LGCf-lA 
CALL CALADD 
CALL MOVFI .MOVE il(Nl) INTO *511 
382 
LHLD N2 
DCX H 
XCHG 
LHLD Wl 
CALL RSMUL 
XCHG 
LHLD Nl 
DAD D 
XCHG 
LHLD LOCDA 
CALL CALADD 
CALL MOVFI 
MVI A, FMUL95 
CALL C0M*5 
MVI A,FADD*5 
CALL C0M*5 
LHLD Nl 
INX H 
LDA Wl 
CMP L 
JNC FILTR2 
LHLD N2 
XCHG 
LHLD LOCPA 
CALL CALADD 
CALL MOVFO 
LHLD N2 
INX H 
LDA W2 
CMP L 
JNC FILTR1 
iCALCUATE ADDRESS DCN1+W1(N2-1>) 
.CALCULATE ADDRESS P(N2) 
,TEST LOOP 
CALCULATE FILTERED DATA MATRIX 
FILTD1 
FILTD2 
LXI H 
SHLD 
LXI H 
SHLD 
XCHG 
LHLD 
CALL 
CALL 
LHLD 
XCHG 
LHLD 
CALL 
CALL 
MVI A 
CALL 
LHLD 
DCX H 
XCHG 
, 1 
Nl 
. 1 
N2 
LOCPA 
CALADD 
MOVFI 
Nl 
LOCK1A 
CALADD 
MOVFI 
FMUL*5 
C0M*5 
N2 
,N1=1 
.N2=l 
,T0S=P(N2) 
, CALCULATE LOCATION KKNl) 
,T0S=KKN1) 
,T0S=KKN1)#P(N2) 
,CALCULATE ADDRESS D(N1+W1*(N2-1)) 
, 
!SPACE 
SPACE 
SPACE!. 
LHLD Wl 
CALL RSMUL 
XCHG 
LHLD Nl 
DAD D 
XCHG 
LHLD LOCDA 
CALL CALADD 
CALL MOVFO 
LHLD N2 
INX H 
LDA W2 
CMP L 
JNC FILTD2 
LHLD Nl 
INX H 
LDA Wl 
CMP L 
JNC FILTD1 
LXI B.FMM2 
LXI D,02 
LXI H,FMIN 
CALL MOVE 
SETUP FIRST 
LHLD P 
XCHG 
LHLD LOCDA 
MOV B,H 
MOV C,L 
RET 
, TEST LOOP N2: 
, TEST LOOP N1 
.SET NORNAL LIMITS 
PART OF MOVE 
-PRINTS B SPACES ON TPP 
MOV A,B 
ANA A 
RZ 
MVI A,6 
CALL TPPCOT 
MVI A, 
CALL TPPDOT 
DCR B 
JNZ SPACE1 
RET 
, SPACES ZERO"-
, YES-RETURN 
, NO-PREPARE TPP 
, SPACE TO TPP 
, DCR SPACE COUNTER 
, ANOTHER SPACE"' , YE' 
, NO-RETURN 
-JMP SPACE 1 
, TTYIN- READS A CHARACTER FROM TTY 
TTY IN CALL TTYINM 
ANI 7FH 
RET 
, CALL MONITOR TTY INPUT ROUTINE 
, REMOVE MS B I T 
JTTYOUT-WRITES CHARACTER TO TTY 
TTYOUT MOV C,A 
JMP TTYOTM 
i SAVE OUTPUT 
.JUMP TO MONITOR TTY OUTPUT ROUTINE 
, MESOTT-MESSAGE OUTPUT ROUTINE FOR TTY 
MESOTT MOV A,M 
CPI OFFH 
RZ 
CALL TTYOUT 
INX H 
JMP MESOTT 
,MOVE CHARACTER FROM MEMORY 
,END OF TABLE MARKERS 
,YES-RETURN 
,NO-PRINT CHARACTER 
, INX TABLE POINTER 
,JMPP TO TOP OF LOOP 
, MESOTP-MESSAGE OUTPUT ROUTINE FOR TPP 
,PREPARE TPP FOR CHARACTERS MESOTP MVI A.6 
CALL TPPCOT 
MESTP1 MOV A,M 
CPI OFFH 
RZ 
CALL TPPDOT 
INX H 
JMP MESOTP 
,TABLE OF MESSAGES 
MOVE CHARACTER FROM MEMORY 
END OF TABLE MARKER "' 
YES-RETURN 
NO-PRINT CHARACTER 
INX TABLE POINTER 
JMP TO TOP OF LOOP 
CRLF 
TILMES 
INTEN 
DB 
DB 
DB 
DB 
DB 
OAH 
ODH 
OAH 
ODH 
OFFH 
TEXT 'TITLE > 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
OFFH 
' I 
OAH 
ODH 
'N 
OAH 
ODH 
'T 
OAH 
ODH 
'E 
OAH 
ODH 
'N 
OAH 
ODH 
' i -
OAH 
ODH 
,LF 
j CR 
,LF 
, CR 
.END OF TABLE MARKER 
' 
, END OF TABL! 
DB 'I 
DB OAH 
DB ODH 
DB 'T 
DB OAH 
DB ODH 
DB 'Y' 
DB OAH 
DB ODH 
DB OFFH .END OF TAELE MARKER 
WAVE TEXT --WAVELENGTH (NM)' 
DB 017H 
DB ODH 
DB OFFH .END OF TABLE MARKER 
LABOUT TEXT Wl W2 A E' 
TEXT C2 Cl' 
DB OAH 
DB ODH 
DB OFFH 
PLTTYl TEXT 'PLOT(NONE. RATIO. Cl, C2. S, I, A, AO, 10) * ' 
DB OFFH 
PLTTY2 TEXT EXCITATION OR EMISSION SPECTRUM ° 
DB OFFH 
PLTTY3 TEXT ROW "' ' 
DB OFFH 
PLTTY4 TEXT 'SCALE PLOT "-1 ' 
DB OFFH 
PLTTY5 TEXT CRT OR TPP ? ' 
DB OFFH 
PLTTY6 TEXT 'ERROR BARS "' ' 
DB OFFH 
PLTTY7 TEXT 'PLOT(FIRST,NEW, SAME) ? ' 
DB OFFH 
DARTY1 DB 07H ,RING BELL 
DB 07H 
DB 07H 
TEXT DARK CURRENT, CLOSE SHUTTER, HIT KEY ' 
DB OFFH 
DARTY2 DB 07H ,RING BELL 
DB 07H 
DB 07H 
TEXT •'OPEN SHUTTER, HIT KEY ' 
DB OFFH 
DATTY1 TEXT CLEAR ARRAYS ? ' 
DB OFFH 
DATTY2 TEXT 'STORE DATA (NO, SAMPLE, INTERNAL STANDARD 
TEXT ' ADDED STANDARD) ? ' 
DB OFFH 
DATTY3 TEXT ANALYZE DATA ? ' 
DB OFFH 
STTTY1- TEXT 10, ' 
DB OFFH 
STTTY2 TEXT 'AO, 
DB OFFH 
STTTY3 TEXT =FAC ' 
DB OFFH 
STTTY4 TEXT 10/I,-
DB OFFH 
STTTY5 TEXT AO/I. 
DB OFFH 
STTTY6 TEXT '10/A, ' 
DB OFFH 
STTTY7 TEXT AO/A 
DB OAH 
DB ODH 
DB OFFH 
, DIVIDE-DIVISION ROUTINE 
DIVIDE SUB A ,A=0 
DIVIDO LXI B, 0 .CLEAR RESULT 
DIVIDA XCHG .CALCULATE DIVISOR 
CALL TWCMHL 
XCHG 
DIVID1 DAD D .DIVISION BY SUBTRACTION 
JNC DIVID2 ,BORROW?-YES-JMP DIVID2 
INX B ,NO-INX RESULT 
JMP DIVID1 ,LOOP AGAIN 
DIVID2 DCR A .BORROW MSB? 
RM ,NO-RETURN 
INX B .YES-INX RESULT 
JMP DIVID1 .RETURN TO DIVISION LOOP 
. TPPCOT-SENDS CONTROL WORDS TO TPP 
TPPCOT PUSH PSW .SAVE CONTROL WORD 
LDA PLOTFL . TPP ENABLED? 
ANA A 
JZ TPPEAC . NO-RETURN 
POP PSW ,YES-RESTORE CONTROL WORD 
OUT TPPC .OUTPUT CONTROL WORD 
TPPC01 IN TPPH ,WAIT FOR HANDSHAKING 
ANI CONHAN 
JZ TPPC01 
RET 
, TPPBAC-RETURN ROUTINE FOR TPPCOT AND TPPDOT IF TPP 
IS NOT ENABLED 
TPPBAC POP PSW ,CLEAR STACK 
RET 
, TPPDOT-SENDS DATA WORDS TO TPP 
TPPDOT 
TPPDOl 
,DELAYL 
DELAYL 
i DELAY-
DELAY 
DELAY1 
DELAY2 
DELAYS 
PUSH PSW 
LDA PLOTFL 
ANA A 
JZ TPPBAC 
POP PSW 
OUT TPPD 
IN TPPH 
ANI DATHAN 
JZ TPPDOl 
RET 
-GENERATES A 
PUSH B 
LXI B, OFFFFH 
JMP DELAY1 
GENERATES A ' 
PUSH B 
LXI B, 002FFH 
LDA PLOTFL 
ANA A 
JZ DELAYS 
DCX B 
MOV A, B 
ORA C 
JNZ DELAY2 
POP B 
RET 
,SAVE DATA 
,TPP ENABLED0 
,NO-RETURN 
i YES-RESTORE DATA 
,SEND TO TPP 
.WAIT FOR HANDSHAKING 
LONG DELAY 
, SAVE B 
,LOAD DELAY COUNTER 
SHORT DELAY 
,SAVE B 
,LOAD DELAY COUNTER 
,TPP ENABLED? 
,NO-RETURN 
,DELAY LOOP 
• RESTORE B 
.TPPON- TURNS PLOTTING ELEMENT ON SETS FLAG FOR CRT 
,SET CRT FLAG TPPON MVI A, 1 
STA PLOTST 
CALL TPPCOT 
JMP DELAYL 
,TURN PLOTTING ELEMENT ON 
. WAIT 
.TPPOFF-TURNS PLOTTING ELEMENT OFF SETS FLAG FOR CRT 
» 
TPPOFF SUB A 
STA PLOTST 
CALL TPPCOT 
JMP DELAYL 
BLANK 
BLANK 
BLANK1 
LXI H, VIDRAM 
LXI D.01800H 
MVI B, 0 
MOV M, B 
DCX D 
, A=0 
.CLEAR CRT FLAG 
iTURN PLOTTING ELEMENT OFF 
.WAIT 
.STARTING LOCATION OF VIDEO RAM 
.NUMBER OF LOCATIONS 
MOV A, D 
ORA E 
RZ 
I N X H 
•JMP BLANK 1 
RSMUL 
RSMUL1 
RSMUL2 
MOV A, L 
L X I H. 0 
ANA A 
RZ 
RAR 
JNC RSMUL2 
DAD D 
XCHG 
DAD H 
XCHG 
JMP RSMUL 1 
.RESETS CARRY 
COM95 
C0M951 
C0M952-
C0M'553 
OUT P*511C 
M V I A, 0CW3 
OUT P825c '0 
I N P825 r '0 
A N I 080H 
J Z CGM^i l 
M V I A, 0CW2 
OUT P825,:?0 
I N P*511C 
A N I OlEH 
RZ 
C P I 04H 
J Z COM953 
M V I B, •'!' 
C P I 01 OH 
J Z C0M952 
M V I B, N' 
C P I 08H 
J Z C0M952 
M V I B, ' L ' 
C P I 18H 
J Z C0M952 
M V I B, ' 0 
MOV A, B 
C A L L TTYOUT 
M V I A. 'E 
C A L L TTYOUT 
M V I A.07H 
JMP TTYOUT 
I N P*511D 
.OUTPUT COMMAND TO * 5 1 1 
,POLL COMMAND 
.TEST FOR INTERRUPT 
.NON-SPECIFIC ECU 
.TEST FOR UNDERFLOW 
.TEST OF ERROR 
.RETURN I F NO ERROR 
,UNDERFLOW 
,YES JUMP 
,DIVIDE BY ZERO 
,YES-JUMP 
iSORT OR LOG OF NEGITIVE 
,YES JUMP 
, I N V - S I N E , INV-COSINE, OR 
,YES JUMP 
, NO-OVERFLOW 
,RING BELL 
,TOS=0 IF UNDERFLOW 
IN P9511D 
IN P9511D 
IN P*511D 
SUB A , A=0 
OUT P9511D 
OUT P9511D 
OUT P*511D 
OUT P*511D 
RET 
CALCULATES ADDRESS FROM H, L AND D, E 
H,L CONTAINS THE ARRAY STARTING ADDRES 
D, E CONTAINS ELEMENT NUMBER 
CALADD XCHG 
DCX H 
DAD H 
DAD H 
CALL TWCMHL 
DAD D 
RET 
FORMS TWO'S COMPLEMENT OF H, L 
, 
TWCMHL PUSH PSW 
MOV A,H 
CMA 
MOV H, A 
MOV A, L 
CMA 
MOV L, A 
INX H 
POP PSW 
RET 
INT PUSH H 
MVI E, 1 
CALL C080*5 
POP H 
CALL MOVFI 
MVI A,FIXS*5 
CALL C0M95 
IN P*511D 
MOV H, A 
IN P9511D 
MOV L, A 
RET 
ARRZER-ZEROS DATA ARRAY 
ARRZER. CALL ZERO 
DCR E 
JNZ ARRZER 
RET 
', ZERO-ZEROS A SINGLE ELEMENT POINTED TO BY H, L 
ZERO SUB A 
MOV M, A 
DCX H 
MOV M, A 
DCX H 
MOV M, A 
DCX H 
MOV M, A 
DCX H 
RET 
', READS ASCII DECMAL NUMBER FROM TTY AND CONVERTS 
TO BINARY 
DEC IN CALL TITLEO 
LXI H, 0 
LXI B, BUFTTP 
DEC INI LDAX B 
SUI 030H 
RC 
CPI 10 
RNC 
MOV D, H 
MOV E, L 
DAD H 
DAD H 
DAD D 
DAD H 
MOV E. A 
MVI D, 0 
DAD D 
INX B 
JMP BEGIN 1 
MONSLO MOV B, A 
LDA MONOFL 
ANA A 
JZ EX0UT1 
JMP EM0UT1 
MONSLI LDA MONOFL 
391 
. 
EXIN 
ANA A 
JZ EXIN 
JMP EMIN 
IN EXMONC 
ANI 2 
JZ EXIN 
IN EXMOND 
RET 
EMIN- IN EMMONC 
ANI 2 
JZ EMIN 
IN EMMOND 
RET 
EX OUT 
EXOUTL 
. 
EMOUT 
EMOUT1 
MOV B, A 
IN EXMONC 
ANI 4 
JZ EXOUT1 
MOV A. B 
OUT EXMOND 
RET 
MOV B, A 
IN EMMONC 
ANI 4 
JZ EMOUT1 
MOV A, E 
OUT EMMOND 
RET 
it Vf it it it it it it it it it •&•$•£• it it it it it it ^  it it it it it it it it it it it ^ c it it it it it it it it it it it it it it it it it it-Mr it if it it 
ROUTINE TO CONVERT FROM BASIC FLOATING 
POINT FORMAT TO *511 FLOATING POINT FORMAT 
i t#-&* i t t t i t# i t i t i t - * i t i t i t# i t## i t i t i t## i t -H--&^ 
C08095- DCX H ,SKIP BYTES 1,0 
DCX H 
MOV C M ,CALCULATE BYTE 2 
MOV A, C 
ORI 080H .RESTORE ASSUMED 1 ON MANTISSA 
MOV M,A iRETURN BYTE 2 
MOV A, C .GET MANTISSA SIGN BIT 
ANI 
MOV 
DCX 
MOV 
ANA 
080H 
C. A 
H 
A, M 
A 
JZ C08096 
SUI 
ANI 
ORA 
MOV 
DCX 
DCR 
JNZ 
RET 
INX 
MOV 
INX 
MOV 
INX 
MOV 
DCX 
DCX 
DCX 
DCX 
DCR 
JNZ 
RET 
80H 
7FH 
c 
M, A 
H 
E 
C080*5 
H 
M, A 
H 
M, A 
H 
M, A 
H 
H 
H 
H 
E 
C080*5 
SAVE MANTISSA SIGN IN C 
MOVE EXPONENT TO A 
SUBTRACT OFFSET 
REMOVE EXPONENT SIGN BIT 
OR IN MANTISSA SIGN BIT 
RETURN TO MEMORY 
POINT TO NEXT BYTE 
DCREMENT CONVERSION COUNTER 
CONVERT NEXT F P -
C08096 , REMOVE ASSUMED ONE 
ROUTINE TO CONVERT FROM 9511 FLOATING POINT DATA 
TO BASIC FLOATING POINT DATA 
i t i t - f r i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t it i t it i t i t it i t i t it it it it i t i t i t i t i t 
C0*580- DCX H ,SKIP BYTES 0,1 
DCX H 
MOV A,M , MOVE MSB MANTISSA TO A 
DCX H 
MOV B.M . MOVE EXPONENT TO B 
ANA A 
JNZ C0*581 
MOV M, A 
JMP C09583 
C0*581 ANI 7FH . REMOVE SIGN BIT FROM MANTISSA 
MOV C A , SAVE MANTISSA IN C 
MOV A, B 
ANI 80H , GET MANTISSA SIGN BIT 
ORA C .FORM (BYTE 2) MANTISSA W/SIGN 
INX H . POINT TO DEST DYTE 2 
MOV M,A , STORE MANTISSA 
DCX H 
MOV A, B 
iREMOVE MANTISSA SIGN 
i NEG"' 
, NO-JMP 
i YES-SET SIGN BIT 
, ADD OFFSET 
.SAVE EXPONENT 
. POINT TO NEXT BYTE 
•ftit-H-it#-ftitit-ft-&it-&-$-fr#-&itititit-ftit-H--&ititit-&it-&itif-&itit-tt-frit-£-ft-fr^ 
i t i t i t i t - ^ i t i t * i t i t i t - f r i t # i t# i t i t i t i t i t i t i t i t i t i t i t i t i t i t * i t i t # - t t i t i t i t - f t i t i t i t i t i t i t i t i t i t 
C0*582 
C0*583 
ANI 7FH 
CPI 40H 
JM C0*582 
ORI 080H 
ADI 30H 
MOV M, A 
DCX H 
DCR E 
JNZ C0*580 
RET 
MOVE 
M0VE1 
XCHG 
DAD 
DAD 
XCHC 
H 
H 
j 
LDAX B 
MOV 
DCX 
DCX 
DCX 
MOV 
ORA 
JNZ 
M, A 
B 
D 
H 
A. D 
E 
M0VE1 
RET 
MOVFI 
MOVFI1, 
MVI E, 4 
MOV A,M 
OUT P*511D 
DCX H 
DCR E 
JNZ MOVFI1 
RET 
MOVFO LXI D,-3 
DAD D 
MVI E, 4 
MOVFO1 IN P*511D 
MOV M, A 
INX H 
DCR E 
JNZ MOVFO1 
RET 
, * i t # i t * i t - t t# i t * - t t - ) t«# i t i t i t * -»^ i t i t # i t i t i t i t i t i t - i t i t - l t i t i t i t i t i f i t i t i t it it it it it i t i t 
F I N D - LX I HiTABVAR 
LXI D.DXPOI 
F I N D 1 MOV CM 
INX H 
MOV D,M 
INX H 
MOV AiB 
ORA C 
RZ 
PUSH H 
PUSH D 
ANI 080H 
PUSH PSW 
CALL STLK 
POP PSW 
JZ FIND2 
DCX H 
JMP FIND] 
F I N D 2 INX H 
INX H 
INX H 
. F I N D 3 XCHG 
POP H 
MOV M,E 
INX H 
MOV M,D 
INX H 
XCHG 
POP H 
JMP FIND1 
iPOINT TO TABLE OF VARIABLES 
, POINT TO LOCATION TABLE 
.LOAD VARIBLE NAME 
• TEST FOR END OF TABLE 
.END OF TABLE- RETURN 
.SAVE VARIBLE TABLE POINTER 
iSAVE LOCATION TABLE POINTER 
, ARRAY? 
.SAVE FLAG 
.LOOK FOR VARIBLE 
.RESTORE FLAG 
.ARRAY"1 NO-JMP 
-M- i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t 
# i H t # * i H t - * * * i t - M # i H H t # # * - » # i t i H t # ^ ^ 
3VAR 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
'D •'-SP+AR 
"Z '-SP+AR 
Ti'+AR 
•'K2-'+AR 
'Ll'+AR 
'IO'+AR 
"AO'+AR 
'J '-SP+AR 
F ' -SP+AR 
'R '-SP+AR 
'Cl'+flR 
•'C2 +AR 
'El +AR 
, "D ' 
i"Z ' 
, " K 1 ' 
llt."7l 
, " L 1 ' 
, "10' 
, "AO' 
, "J ' 
, "F ' 
i"R ' 
ARRAY 
ARRAY 
ARRAY 
ARRAY 
ARRAY 
ARRAY 
ARRAY 
ARRAY 
ARRAY 
ARRAY 
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DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
'P '-SP+AR 
"W '-SP+AR 
E2'+AR 
•'Wl +AR 
•'W2 +AR 
'El 
'Wl ' 
'W2' 
'P '-SP 
'C '-SP 
'W7' 
'11 ' 
' 12' 
'V '-SP 
'Bl' 
' B'7' 
'E2 
OOOOOH 
, "El" 
, "Wl" 
, "W2" 
, "P " 
, "C " 
, END i END OF TABLE MARKER 
* 5 1 1 CONSTANTS 
> 
FCON 
1 
$ 
FMM1 
, 
, 
FMM2. 
, 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
OOOOH 
OOF3H 
003 3H 
003 3H 
OOOOH 
00F8H 
0051H 
OOEAH 
0001H 
OOAOH 
OOOOH 
OOOOH 
OOOOH 
OOCOH 
OOOOH 
OOOOH 
0004H 
OOAOH 
OOOOH 
OOOOH 
OOOOH 
OOOOH 
OOOOH 
OOOOH 
0001H 
, 0 95 
, 0 *7 
, 1 25 
,0 75 
, 10 0 
,0 0 
, 1 00 
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CON100 
, 
CON 107. 
i 
CON108 
1 
CONA 
, 
CONB 
> 
C ONC 
, 
COND 
r 
CONE 
, 
CONF 
t 
CONG 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
0080H 
OOOOH 
OOOOH 
006*H 
00D6H 
OOBFH 
00*3H 
0066H 
OOABH 
OOCCH 
0076H 
007H 
0C8H 
000H 
000H 
07*H 
0A3H 
0D7H 
OOAH 
004H 
OAOH 
000H 
000H 
002H 
OCOH 
000H 
OOOH 
07FH 
080H 
OOOH 
OOOH 
007CH 
008FH 
00C2H 
008EH 
O00BH 
OOFAH 
OOOOH 
OOOOH 
, 1E-7 
, 1E-8 
, 100 
, 0 005 
, 10 0 
J 3 0 
,0 25 
, 0, 035 
, 2000 
, i t i t i t # i t i t i t # i t i t - * i t i t i t i t i t - t t # i t i t i t i t i t iH t i t i t i t # i t i t i t * ^ 
RAM VARIABLES 
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i i t i t i t i t -H-i t i t -H-i t i t i t i t i t i t i t i t i t i t i t i f i t i t i t i t i t i t i t i t i t i t i t -K-t t^ 
COUNTER ROUTINE VARIABLES 
. 
. 
LOOPS-
LOOPNU 
ERRFLG-
Cl. 
C2 
XI 
X2 
El 
Bl*511 
B2*511 
UUUIN i tn 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
ANALYSI 
n; 
1 
1 
1 
3 
1 
3 
1 
Cj 
1 
?• 
1 
*"? 
1 
—' 
1 
3 
1 
S J 
LOOP COUNTERS 
NEIGEN 
Nl 
N2 
N3 
N4 
N5. 
N6 
I 
LOOPFF 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
2 
2 
2 
2 
2 
2 
2 
2 
.TEST POINTERS 
L*. 
BO 
Tl 
T2-
T3: 
Wl 
W2 
P: 
PW1W2. 
DS 
DS 
DS 
DS 
DS 
-"V 
-T 
*7 
2 
2 
WAVELENGTH 
DS 
DS 
DS 
DS 
mm. 
n 
•f-f 
,-/ 
COLUMNS AND ROWS 
,# EXCIT WAVE 
,# EMIS WAVE 
, 
iPWlW2=Wl*W2 
,PPLUSI=P+1 PPLUSI DS 2 
CONSTANTS FOR ANALYSIS 
iCSORWl= l /SORT(Wl ) 
CSORW1 DS 
LOCATION POINTERS FOR FIND ROUTINE 
LOCPOI 
LOCDA 
LOCZA 
LOCK1A 
L0CK2A 
LOCL1A 
LOCIOA 
LOCAOA 
LOCJA 
LOCFA 
LOCRA 
LOCC1A 
L0CC2A 
LOCE1A 
LOCPA 
LOCWA 
L0CE2A 
LOCW1A-
L0CW2A 
LOCE1 
LOCW1 
LOCW2 
LOCP 
LOCC 
L0CW7 
L O C H 
LOC 12 
LOCV-
LOCB1 
LOCB2 
L0CE2. 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
2 
2 
2 
2 
2 
2 
n 
2 
-/ 
2 
2 
2 
2 
n 
mm 
mm 
2 
CALCULATED LOCATION POINTERS 
L0CB7-
LOCT1 
L0CT2-
L0CZN3 
L0CZN5 
LOCE1V 
LOCCIV 
L0CC2V 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
• / 
'7 
mm 
2 
2 
n 
2 
, LOCATION OF WAVELENGTH FOR MOVE 
399 
,VARIABLES 
, 
FO 
FMAX 
FMIN 
DS 
DS 
DS 
DS 
DS 
DS 
3 
1 
3 
1 
3 
1 
MONOCHROMATOR XCER FLAG 
MONOFL DS 2 
VARIABLES FOR PLOTTER 
3 
1 SCALT1-
SCALT2 
SCALFA 
XMAX 
XMIN 
XLSTEP 
XLMIN 
XNLOOP 
XNLOPC 
XLABEL 
LABEL 
YLOOP. 
XLOOPS 
XLOOP 
XVAL 
YVAL 
ERROR 
XMOV 
XMOVS 
XMOV1 
YMOV 
YMOV1 
XDIRFL 
YDIRFL 
NSTEPX 
NSTEPY-
ISLOPE. 
RSLOPE 
FSTEP 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
2 
mm 
1 
2 
2 
7 
2 
1 
1 
,SCALING FACTOR 
.MAXIMUM X VALUE TO BE PLOTTED 
.MINIMUM X VALUE TO BE PLOTTED 
,NM BETWEEN TICK MARKS 
.LOWEST WAVELENGTH LABELED 
,NUMBER OF NUMERICAL LABELS 
.NUMERICAL LABEL COUNTER 
.NUMERICAL LABEL REGISTER 
.LABEL FLAG WAVE=1 CONC=0 NO LAB=-1 
.COUNTER FOR Y TICKS 
.NUMBER OF TICKS ON X-AXIS 
.COUNTER FOR TICKS ON X-AXIS 
.PRESENT X VALUE 
.PRESENT Y VALUE 
,ERROR IN Y 
STEPS 
. X TO 
, X TO 
, X TO 
, Y TO 
, Y TO 
BE MOVED TO 
BE MOVED TO I N PLOTTER 
BE MOVED TO BY CRT 
BE MOVED TO 
BE MOVED TO BY CRT 
.DIRECTION FLAG FOR X 
.DIRECTION FLAG FOR Y 
.STEPS REOUIRED IN THE X 
, STEPS . REQUIRED I N THE Y 
,INTEGER PART OF SLOPE 
, REAL PART OF SLOPE 
DIR 
DIR 
TO MOVE 
400 
PLOTST 
PLOTFL 
Pi. 
P3-
P5 
PSTEP 
POFSET 
Zl 
Z2 
Z3 
Z4 
J7 
N 
BUFTTP 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 74 
ORG 5C00H 
BFTTPA 
SARRAY 
IARRAY 
AARRAY 
DS 74 
DS 
DS 
DS 
DS 
DS 
DS 
1 
1 
••/ 
2 
2 
2 
"i 
"7 
•"V 
mm 
2 
•Tr 
*7 
311 
1 
311 
1 
311 
1 
, PLOTTER STYLIS O N = l 0FF=0 
, PLOT ON CRT=0 TPP=1 
, INDICATES SPECTRUM TO DE PLOTTED 
,EX=1,EM=0 
, ROW TO BE PLOTTECD 
. SCALE'5 
,MEDIA? 
i FIRST, NEW, SAME 
, ERROR BARS 
, MESSAGE BUFFER FOR QUESTIONS 
, MESSAGE BUFFER FOR TITLE 
END 
i t i t i t i t i t i t i t it i t i t i t i t i t i t i t i t it i t it i t i t i t i t i t i t i t i t i t i t it i t it i t i t i t i t it i t i t i t i t it-H-itititit-H--H-itititit i t 
COPYRIGHT 1*82 BY MALCOLM WAYNE WARREN JR 
ALL RIGHTS RESERVED 
it*##itit-K-itit->t-H-#-H-it-H-it-H-#it##^ 
LIST 
MONOCHROMATOR CONTROLER VERSION 7 10 JUN 16, 1981 
WRITTEN BY MALCOLM WARREN THIS PROGRAM ALLOWS 
CONTROL OF THE GCA/MCPHERSON EU-700 MONOCHROMATOR 
WITH FILTER ATTACHMENT THIS PROGRAM CAN CALIBRATE 
AND CONTROL THE WAVELENGTH AND SLITWIDTH. IT 
ALLOWS CONTROL FROM A KEYBOARD OR BY A MASTER 
MICROPROCESSOR OR COMPUTER 
THE MONOCHROMATOR CONTROLER PROGRAM IS ORGANIZED 
AS FOLLOWS 
1) START-INITALIZES HARDWARE AND SOFTWARE 
2) MAIN-CALLS SERVICE ROUTINES 3-4 AND 8-F 
3) SLAVIN-READS INSTRUCTIONS FROM SIO PORT 
4) KEYBD-READS INSTRUCTIONS FROM KEYBOARD 
5) INSTR-GENERATES JUMPS TO INSTRUCTION 
ROUTINES 
6) INSTL-INSTRUCTION JUMP LIST 
7) INSTRUCTION ROUTINES 
8) MOVING-CONTROLS WAVELENGTH MOVEMENT 
*) SMOVIN-CONTROLS SLITWIDTH MOVEMENT 
A) ERROR-DETECTS ERRORS IN OPERATION 
B) CORWAV-CALCULATES THE CORRECTED WAVELENGTH 
C) DISPLA-DISPLAYS THE CURRENT WAVELENGTH AND 
SLITWIDTH 
D) MCWAVE-MAIN WAVELENGTH CALIB ROUTINE 
E) MCSLIT-MAIN SLITWIDTH CALIB ROUTINE 
F) FILTER-FILTER SELECTION ROUTINE 
G) OUT1-OUTPUT ROUTINE FOR SIO PORT 
H) SUPPORT ROUTINES 
I) INTERRUPT ROUTINES 
J) RAM STORAGE 
it#it-H--H-itit#it-H--H-it#-H-itit*ititit-H-it#^ 
i t i t i t i t i t i t i t i t i t i t i t i t i t i t->tit i t i t i t i t i t MEMORY MAP a * * * * * * * * * * * * * * * * * * * * 
###it#it###itit##-K--M-it-H-#itit-H-##*#it^ 
PROGST ECU 06000H ,PROGRAM STARTING ADDRESS 
PR ECU 060H .HIGH BYTE OF STARTING ADDRESS 
RAMSTA ECU 07000H ,STARTING ADDRESS OF RAM 
STACPO EQU RAMSTA+OFFH .STACK STARTS 255 LOCATIONS 
,BELOW STARTING ADDRESS OF RAM 
i PROGST+OOOOH PROGRAM START 
, PROGST+OFEOH INTERRUPT SUBROUTINES 
,PROGST+OFFFH END INTERRUPT AREA 
, RAMSTA RAM COUNTERS AND FLAGS 
iRAMSTA+OFFH STACK POINTER 
RAM 
i 
i itit-H--if--Jt-H,-H-it-$t-H-itit-&-H--H,it-H-itititititititititit-tt--tt-it-H,it-H'it# 
, it«-itif-*ititititititititititititititititit I /O MAP #•»#**###•»#*####*#**##** 
, #itit-M--Jt-H--H-it#-K-itititit-»^ititititit#ititititif it-H-itititif if itit-H-ititif it-H-ititititif-H it it it-H-H-it 
H-itit-Jf-Jtit-H-it-H-H-itititititititititititititit 8255 *# -» i t# i t i t # * - t t *#####*#* *#### 
.PORT A - l (OUT) 
, AO WAVE-SLEW UP-L 
, Al -SLEW 
,A2 -STEP 
, A3 -STEP 
,A4 S L I T - S T E P 
,A5 STEP 
»A6 CALI-WAVE 
,A7 S L I T 
DN-L 
UP-L 
DN-L 
UP-L 
DN-L 
- L 
- L 
B l 
B2 
B3 
B4 
PO 
CO 
PORT B - l ( IN) 
BO WAVE UPPER LIMIT -H 
WAVE LOWER LIMIT -H 
SLIT UPPER LIMIT -H 
SLIT LOWER LIMIT -H 
FILTER CHANGING -H 
RT C-l (OUT) 
C3 FILTER SELECT 
L-ACTIVE LOW H-ACTIVE HIGH 
PRT1A 
PRT1B 
PRT1C 
CTRL1 
M0DE1 
ECU 
ECU 
ECU 
ECU 
ECU 
008H 
0 0 * H 
OOAH 
OOBH 
082H 
.PORT A 8255 
.PORT B 8255 
.PORT C 8255 
,CONRTOL PORT 8255 
,MODE FOR 8255 A=OUT,B=IN 
.C=OUT,MODE=0 
,•****•*#•«•#•#*#•*########•«•### 8 2 5 1 it i t i t i t i t i tH-it i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t 
SIOD 
SIOC 
MODE 
ECU 
ECU 
ECU 
0F8H 
0F9H 
OCFH 
COMM ECU 027H 
,8251 DATA PORT 
,8251 CONTROL PORT 
,8251 MODE WORD 
,2 STOP BITS, ODD PARITY, 
,DISABLE PARITY, 
,3 BITS. 64X BAUD RATE FACTOR 
,8251 COMMAND WORD 
.ENABLE RTS, RECEIVE. DTR, 
.TRANSMIT 
•It-ttit-K-titit-H-ititititititititititifititititit 8 2 5 * ####tt##-H-####tt######tt#*#-H-
IRO-MONOUP 
IR1-MONODN 
JUMPS 
MONOU 
MONOD 
TO MASK WHEN 
NEVER 
NEVER 
IR2-SLIT CALIBRATE SLITC 
IR3-WAVELENGHT CALIBRATE WAVEC 
IR4-200HZ CLOCK INPUT CLOCK 
IR5-N0T USED 
IR6-N0T USED 
IR7-N0T USED 
NOT CALIB SLIT 
NOT CALIB WAVE 
NEVER 
LICW1 
LICW2 
LOCW1 
ICWl 
ICW2 
OCWl 
ECU 
LEO I 
ECU 
EOU 
ECU 
EOU 
EOU 
EOU 
EOU 
EOU 
OOOH 
OOIH 
OOIH 
0F6H 
OOFH+PR 
OECH 
020H 
OOOH 
LOCATION 
LOCATION 
OF 
OF 
ICWl 
ICW2 
, A7, A6, A5, 1,0, F, S, 0 
i F=l INTERVALS, S=l SINGLE 8259 
, A15, A14, A13, A12. Al 1, A10, A9, AS 
,UP/DN COUNTER AND CLOCK ENABLED 
.NON-SPECIFIC END OF INTERRUPT 
.LOCATION OF END OF INTERRUPT 
, i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t 8253 it##-H-######-H-#**-H"H-##*ititititit 
L0M053 
LOC 053 
M053 
C0531 
COS 32 
EOU 
ECU 
ECU 
EOU 
ECU 
0F3H 
OFOH 
03FH 
OOOH 
028H 
LOCATION MODE CONTROL 
LOCATION CLOCK ZERO 
MODE CONTROL WORD 
LSBYTE COUNTER 
MSBYTE COUNTER 
, itititititititititit-H-ttititit-H-itititititif KEYBOARD it-H--H-itititit#-H--H-it-H-#it#ititititititit 
. 
LKEY EOU OCBH .LOCATION OF KEYBOARD 
LLED EOU ODFH .LOCATION OF LEFT MOST 17-SEGIMENT 
,DISPLAY SUBTRACT ONE LOCATION FOR 
.EACH DIGIT AS YOU MOVE RIGHT 
, 
, #i t#it i t-H-##-H--*#####it#-H-it#it#it i t#i t i t#^ 
, i t i t i t i f i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t CONSTANTS #-H-*ititititit-H-it-H-ititititifitit*itit-H-
, if i t -H- i t i t i t i t i t i t - ' t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i f -H-if -H-itititit it i t i t it it-H-H-it it i t it it it if if-H--H-
.NUMERICAL CONSTANTS ARE DETERMINED EXPERIMENTALLY AND 
.MOST DEPEND ON THE CONSTRUCTION OF THE INDIVUAL 
.MONOCHROMATOR AND THE MODIFICATIONS MADE ON IT 
,THESE CONSTANTS WERE DETERMINED EXPERIMENTALLY 
OFFSET 
WAVECA 
SLITCA 
SLCAST 
DELAY 
DELKEY 
LOWER 
UPPER 
EOU 
EOU 
EOU 
EOU 
ECU 
ECU 
ECU 
ECU 
-100 
21385 
C/CJ 
.WAVELENGTH BACKLASH MOVE 
, CALIBRATION WAVELENGTH 
.CALIBRATION SLITWIDTH 
.SLITWIDTH STEPS AT CALIBRATION 
2 .DEFALT DELAY COUNTER 
50 iKEYBOARD CYCLES RECUIRED 
, FDR VALID KEY 
-246* .LOWER WAVELENGTH LIMIT 
...... _,.- *5000 .UPPER WAVELENGTH LIMIT 
it-H--H--H-itit-H--H-H-itit-H-itit*it-H-it-H-it-H-#^ 
, -H-ititititififititititititititititititit START -K-ititititit-H-itititifitit-H-itifitit-ifititititititififitit 
404 
, ##-H-it-H--H-ititit-H-it-H--H--H--H-it-H-itititit-H--H-it^ 
ORG PROGST 
, 
.START- INITIALIZES HARDWARE, RAM COUNTERS, AND FLAGS 
DISPLAYS "RESET" ON FRONT PANEL 
START MVI 
OUT 
MVI 
OUT 
LXI 
MVI 
OUT 
MVI 
OUT 
MVI 
OUT 
MVI 
OUT 
MVI 
OUT 
MVI 
OUT 
MVI 
OUT 
MVI 
OUT 
EI 
LXI 
SHLD 
SHLD 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
SUB 
STA 
STA 
STA 
STA 
STA 
STA 
STA 
STA 
STA 
STA 
STA 
CALL 
A, MODE 
SIOC 
A, COMM 
SIOC 
SP,STACPO 
A,MODE1 
CTRL1 
A,OFFH 
PRT1A 
A, M053 
LOM053 
A, C0531 
LOC053 
A, C0532 
L0C053 
A, ICWl 
LICW1 
A,ICW2 
LICW2 
A, OCWl 
LOCW1 
H,DELAY 
WDELT 
SDELT 
ENSLW 
STOP 
FILDIS 
SHOFF 
BGDBI 
COPY 
SCOPY 
A 
COUNT1 
C0UNT2 
DDONE 
EBACKL 
ESLIT 
SLITST 
ESBACK 
SLAVE 
ERFLAG 
BUFPOI 
NEGFL 
BLANI-
OUT LLED-12 
,SETUP 8251 
, INITALIZE STACK POINTER 
, SET UP 8255-1 
,SET ALL BITS HIGH PORT A 
.SETUP 8253 
.DIVIDE 2 048 MHZ DOWN TO 200 HZ 
.INITILIZE 825* ICWl 
.INITILIZE 8259 ICW2 
,INITILIZE 8259 OCWl 
.ENABLE UP/DN AND CLOCK 
,ENABLE INTERRUPTS 
,INITILIZE STEP DELAY 
,WAVELENGTH STEP DELAY 
,SLITWIDTH STEP DELAY 
,ENABLE SLEW 
,STOP ANY MONOCHROMATOR MOVEMENT 
.DISABLE FILTER 
,TURN KEYBOARD SHIFT OFF 
,CLEAR INPUT BUFFER 
,SET CURWAV=0 
, SET OURSLI=0 
,SET A EOU ZERO 
DISABLE DISPLAY 
DISABLE WAVELENGTH BACKLASH MOVE 
DISABLE SLIT STEP 
CLEAR SLIT STEP COUNTERS 
DISABLE SLIT BACKLASH MOVE 
SET CONTROLLER IN MASTER MODE 
CLEAR ERROR FLAG 
CLEAR SIO OUTPUT BUFFER POINTER 
CLEAR NEGATIVE INPUT FLAG 
BLANK OUTPUT DISPLAY 
BLANK REMAINING CHARACTERS 
OUT 
OUT 
MVI 
OUT 
MVI 
OUT 
OUT 
MVI 
OUT 
MVI 
OUT 
LLED-13 
LLED-14 
A, 'R' 
LLED-5 
A, 'E' 
LLED-6 
LLED-8 
A, 'S' 
LLED-7 
A, T 
LLED-* 
,OUTPUT TO DISPLAY "RESET" 
•H- i t i t i t i t i t i t i t i t i t ^ r i t i t i t i t -H- i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i f i t i t i t i t i t i t i t i t i t i t 
itititititititititifitititititititititititit MAIN itititititititititifitititititititititit-H-ititititititit 
•H- i t# i t# i t i t i t i t i f i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t it ititit-H-it it-H-itititit i t i t i t i t it i t i t it-H-H-if it-H-H-it 
MAIN- MAIN PROGRAM LOOP, SERVICES THE SLAVE, KEYBOARD, 
FILTER, DISPLAY, MOVEMENT, ERROR, 
AND CALIBRATION SUBROUTINES 
MAIN CALL SLAVIN 
LDA SLAVE 
ANA A 
CZ KEYED 
LDA MDONE 
ANA A 
CNZ MOVING 
LDA SDONE * 
ANA A 
CNZ SMOVIN 
CALL ERROR 
CALL CORWAV 
LDA DDONE 
ANA A 
CNZ DISPLA 
LDA CALWAV 
ANA A 
CNZ MCWAVE 
LDA CALSLI 
ANA A 
CNZ MCSLIT 
LDA ENFIL 
ANA A 
CNZ FILTER 
LDA BUFPOI 
ANA A 
CNZ OUT1 
JMP MAIN 
,CHECK FOR MASTER INPUT 
, SLAVE MODE"' 
,SET FLAGS 
,NO-CHECK rEYBOARD 
,MONO NEED SERVICE'* 
,SET FLAGS 
,YES-SERVICE MONOCHROMATOR 
.SLIT NEED SERVICE -
,SET FLAGS 
,YES-SERVICE SLIT 
.TEST FOR ERROR 
,CALCULATE CORRECTED WAVE 
.DISPLAY NEED SERVICE? 
,SET FLAGS 
,IF TRUE SERVICE DISPLAY 
.CALIBRATING WAVELENGTH~> 
,YES-SERVICE WAVE CALIB. SUB 
.CALIBRATING SLIT-
,YES-SERVICE SLITWIDTH CAL ROUT. 
, FILTERS ENABLED-' 
.YES-SERVICE FILTERS 
,OUTPUT IN SIO BUFFERS 
iYES-SERVICE 
,JUMP TO TOP OF MAIN LOOP 
SLAVIN-DETERMINES IF THE MONOCHROMATOR IS IN THE 
SLAVE MODE OR IS ABOUT TO BE PLACED IN THE SLAVE 
MODE. IF IN THE SLAVE MODE SLAVIN DETERMINES IF 
A VALID INPUT IS IN THE INPUT PORT OF THE SIO 
KEYBD-
KEYBD 
INES WHAT ACTION IS REQUIRED 
, READ SIO CONTROL PORT 
iINPUT BUFFER FULL^ 
,NO-RETURN 
, YES-INPUT BUFFER TO A 
.REMOVE MS BIT 
, SLAVE MODE-? 
, YES-JUMP SLAVE 
iNO-TEST FOR 
, SLAVE ON INSTRUCTION"? 
,NO-RETURN 
.TEST FOR VALID CHARACTER 
.MINUS SIGN 
.NO-JUMP SLAVC 
, YES-SET NEGIT IVE NUMBER FLAG 
.SUBTRACT NUMERICAL OFFSET 
,NUMBERS 
,YES-PLACE NUMBER IN BUFFER 
, NO-SUBTRACT OFFSET-LETTERS 
,NO-RETURN 
,NO-RETURN 
.LETTER (INSTRUCTION) ° 
,NO-RETURN 
, YES-DECODE INSTRUCTION 
ROUTINE TO CHECK KEYBOARD FOR INPUT 
WILL INPUT CHARACTER OR JUMP TO SERVICE ROUTINE 
AS RECUIRED, ROUTINE ALSO DEBOUNCES KEYBOARD INPUT 
.GET KEYBOARD INPUT 
.KEY DEPRESSED^ 
, NO, MARKING 
,RESET C0UNTER2 
, INPUT SOFTWARE ENABLED'1 
, RETURN IF INPUT IS NOT ENABLED 
, ENABLED, GET PREVIOUS INPUT CHAR 
.COMPARE OLD AND NEW INPUT 
, IF DIFFERENT THEN JUMP TO 
.SAME AS LAST INPUT 
.DECREMENT COUNT1 
,SAVE COUNT1 
, ENOUGH TIMES"' 
i IT THEN DETERM 
FOR THE INPUT 
SLAVIN. IN SIOC 
ANI 
RZ 
2 
IN SIOD 
ANI 
MOV 
LDA 
ANA 
JNZ 
MOV 
CPI 
RNZ 
SLAVE MOV 
OUT 
CPI 
JNZ 
STA 
RET 
SLAVC SUI 
RC 
CPI 
7FH 
B, A 
SLAVE 
A 
SLAVE 
A, B 
V 
A, B 
LLED-13 
^ •  
SLAVC 
NEGFL 
030H 
10 
JC BUFFIN 
SUI 
RZ 
RM 
CPI 
RNC 
JMP 
01 OH 
1FH 
INSTRA 
IN LKEY 
CPI OFFH 
JZ MARf 
MOV 
MVI 
STA 
LDA 
ANA 
RZ 
LDA 
CMP 
JNZ 
LDA 
DCR 
STA 
ANA 
B, A 
A,DELKEY 
C0UNT2 
ENINP 
A 
OLDIN 
B 
NSAME 
COUNT1 
A 
COUNT1 
A 
MVI 
STA 
SUB 
STA 
MVI 
OUT 
MOV 
OR I 
CMA 
CPI 
JNC 
A, DELKEY 
COUNT1 
A 
ENINP 
A, '*' 
LLED-13 
A, B 
80H 
OAH 
INSTR 
, 
, 
i 
i 
i 
i 
> 
i 
i 
i 
NO 
YES,RESET COUNTER 
RESET COUNT1 
CLEAR A 
SOFTWARE DISABLE INPUT 
'#' 
INDICATE VALID KEYSTROKE 
INPUT ROUTINE 
REMOVE INDICATOR BIT FOR ZERO 
COMPLEMENT A 
TEST TO SEE IF INPUT IS INSTR 
YES-JUMP TO INSTRUCTION ROUTINE 
NO-DROP INTO NUMERAL INPUT BUFFER 
BUFFIN-CONTROLS NUMERICAL 
LEFT,LEADING ZEROS 
IS 5 BCD NUMBERS 
INPUT, SHIFTS INPUT BUFFER 
ARE SUPPRESSED, BUFFER SIZE 
BUFFIN PUSH PSW 
LXI H, PSTACh 
LXI D, PSTACK-
LXI B, ' 0' 
CALL LEADO 
OUT LLED-15 
CALL LEADO 
OUT LLED-16 
CALL LEADO 
OUT LLED-17 
CALL LEADO 
OUT LLED-18 
POP PSW 
MOV M, A 
ADD C 
OUT LLED-1* 
RET 
SAVE LAST INPUT ON STACK 
POINT TO TOP OF INPUT BUFFER 
POINT TO TOP-1 OF BUFFER 
B=SPACE, OZERO 
TEST FOR LEADING ZERO 
OUTPUT 1ST CHAR TO DISPLAY 
TEST FOR LEADING ZERO 
OUTPUT 2ND CHAR TO DISPLAY 
TEST FOR LEADING ZERO 
OUTPUT 3RD CHAR TO DISPLAY 
TEST FOR LEADING ZERO 
OUTPUT 4TH CHAR TO DISPLAY 
RESTORE LAST INPUT TO A 
STORE LAST INPUT IN BUFFER 
ADD ZERO ASCII OFFSET 
OUTPUT 5TH CHAR TO DISPLAY 
RETURN TO MAIN PROGRAM LOOP 
.LEADO- DETERMINES 
BE BLANKED 
IF A ZERO IS LEADING AND SHOULD 
LEADO 
LEADOA 
INX H 
INX D 
MOV A, M 
STAX D 
ADD 
CMP 
JNZ 
MOV 
RET 
MOV 
RET 
C 
C 
LEADOA 
A, B 
B, C 
INCREMENT BUFFER POINTERS 
MOVE NUMBER FROM STACK 
RETURN NUMBER TO STACK ONE HIGHER 
ADD ZERO ASCII OFFSET 
EQUAL TO ZERO-' 
NO-JUMP TO LEADOA 
YES-MOVE BLAB TO A 
(B= ,IF LEADING ZERO) 
MOVE ZERO INTO E (BO ) 
, NSAME- RESETS KEYBOARD INPUT COUNTER IF THE INPUT ON THE 
LAST READ CYCLE IS NOT EOUAL TO THE INPUT ON THIS 
READ CYCLE 
NSAME. MOV A,B 
STA OLDIN 
MVI A,DELKEY 
STA COUNT1 
RET 
, SAVE INPUT FOR THIS CYCLE 
.RESET KEYBOARD COUNTER 
,FOR KEY PRESS 
, MARK- COUNTS THE NUMBER OF CYCLES THAT A KEY 
IS NOT PRESSED 
MARK MVI A.DELKEY 
STA COUNT1 
LDA C0UNT2 
DCR A 
ANA A 
JZ ENABLE 
STA C0UNT2 
RET 
.RESET KEYBOARD INPUT COUNTER 
, ENOUGH MARK OCCURANCES TIMES'? 
, DECREMENT COUNTER 
,ZEROS 
, YES-ENABLE INPUT 
,NO-SAVE COUNTER AND RETURN 
, ENABLE-SETS FLAG INDICATING THAT PERIOOD WITH NO 
KEY PERESSED HAS OCCURED 
ENABLE MVI A,1 • 
STA ENINP 
MVI A, 
OUT LLED-13 
RET 
, SOFTWARE ENABLE INPUT 
,SPACE 
INSTR-
INSTR 
INSTRA 
DECODES INSTRUCTIONS FROM THE KEYBOARD AND 
SIO PORT ECALCULATES JUMPS TO SUBROUTINES AND 
SIO PORT CALCULATES JUMPS TO SUBROUTINES AND 
MAKES JUMP APPEAR TO THE MICROPROCESSOR AS 
A CALL FROM THE MAIN PROGRAM LOOP 
SUBTRACT NUMERICAL OFFSET 
DOUBLE 
SAVE INSTRUCTION 
SHIFT ONS 
SET FLAGS 
MOVE INSTRUCTION TO A 
IF SHIFT ON JMP INSTRA 
NO-SHIFT DN 
DOUBLE AGAIN (TWO BYTES IN TABLE 
FOR EACH INSTRUCTION 
BUILD ROUTINE LOCATION 
POINT TO TOP OF SUBROUTINE 
LOCATION TABLE 
ADD INSTRUCTION OFFSET TO TAELE LOC 
H, L POINTS TO LSB OF ADDRESS 
MOVE LOW ADDRESS TO E 
SUI 
RLC 
MOV 
LDA 
ANA 
MOV 
JNZ 
DCR 
RLC 
MOV 
MVI 
LXI 
DAD 
MOV 
0*H 
B, A 
SHIFTC 
A 
A, B 
INSTRA 
A 
C, A 
B, 0 
H,INSTL-2 
B 
E, M 
, 
. 
, 
. 
i 
i 
. 
, 
# 
. 
, 
, 
i 
» 
i 
INX H 
MOV D, M 
XCHG 
PCHL 
,H,L POINTS TO MSB OF ADDRESS 
.MOVE HIGH ADDRESS TO D 
;EXCHANGE D AND E WITH H AND L 
.PUSH HL INTO PROGRAM COUNTER 
•H-H- ititit it it it it it if ititit it it it it-H-H-it it it it it it ititit it it ititit it it ititit it if it it it it it it it it 
i t i t i t i t i t i t i t INSTRUCT I ON JUMP LOCATION L I ST-H-H-itif i t i t i t i t i t i t i t 
ititititit-H-ititit-H-itititititititit-H-it-H-it-H-itittt^ 
THE LIST IS COMPOSED OF THE SUBROUTINE CALLED 
AND THE INSTRUCTION NUMBER IF THE INSTRUCTION 
IS INPUT VIA THE 8253 SIO PORT THE CHARACTERS 
FOLLOWING THE INSTRUCTION NUMBER ARE REQUIRED 
THIS ALLOWS OPERATION OF THE CONTROL BOARD 
FROM A TTY FOR TESTING PURPOSES 
SUBROUTINE 
CALLED 
INSTL DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
SSTEPD 
STEPD 
SSTEPU 
STEPU 
WAITS 
WAITW 
DISLW 
ENSLW 
FILDIS 
FILENA 
CSLIT 
CWAVE 
SGOTO 
GOTO 
SCOPY 
COPY 
SHON 
SHOFF 
STOP 
STOP 
INSTRUCTION 
NUMBER 
, 10 
, 11 
, 12 
, 13 
, 14 
, 15 
, 16 
, 17 
, 18 
, 1* 
,20 
,21 
,
 n2 
,23 
,24 
,25 
, 26 
,27 
,23 
, 2* 
A-041H 
B-042H 
C-043H 
D-044H 
E-045H 
F-046H 
G-047H 
H-048H 
I-049H 
J-04AH 
K-04BH 
L-04CH 
M-04DH 
N-04EH 
0-04FH 
P-050H 
0-051H 
R-052H 
S-053H 
T-054H 
SUBROUTINES BELOW THIS POINT MAY NOT BE RUN 
FROM THE KEYBOARD. BUT ONLY FROM THE MASTER 
MICROPROCESSOR THROUGH THE SIO PORT 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
SLAVOF 
SLAVON 
OUTSLI 
OUTWAV 
OUTFIL 
FILSEL 
STATS 
OUTSLB 
OUTWAB 
30 
31 
32 
34 
35 
36 
37 
38 
U-055H 
V-056H 
W-057H 
X-058H 
Y-059H 
Z-05AH 
C-05BH 
\-05CH 
3-05DH 
DW OUTFIB , 3 9 " - 0 5 E H 
ititit-H-itit-H-itititititit-H-*-H-it-H-it-H-itititit-H-#^ 
i t i t i t i t i t i t i t i t i t i t-tt it i t INSTRUCTION ROUTINES #-H-it-H-it-R--H-ititH-it-H-ititititititititit 
•H-it#it-H--H-it-&-H-#-H-ititit-H--H-it-K-it-K-ititit-H-^ 
SSTEPD-STEPS SLITWIDTH DRIVE DOWN ONE 
SERVICES SLITWIDTH COUNTERS 
iTEP (0 25UM) 
SSTEPD 
SSTDD 
SSTDR 
IN PRT1B 
ANI 8 
RNZ 
DI 
IN PRT1A 
ANI 223 
OUT PRT1A 
OR I 32 
OUT PRT1A 
EI 
LDA SLITST 
ANA A 
JZ SSTDD 
DCR A 
STA SLITST 
RET 
SUB A 
LXI H, CURSLI 
CMP M 
DCR M 
JC SSTDR 
INX H 
CMP M 
DCR M 
JC SSTDR 
INX H 
DCR M 
MVI A. 3 
STA SLITST 
MVI A, 1 
STA DDONE 
RET 
.SLITWIDTH LOWER LIMIT-
J YES-RETURN 
,NO-DISABLE INTERRUPTS 
.READ PORT A 
.SET BIT LOW 
,OUT TO PORT A 
.SET B IT HIGH 
,OUT TO PORT A 
.ENABLE INTERRUPTS 
.LOAD S L I T STEP 
. S L I T S T s O ^ 
,YES-JUMP SSTDD 
,NO-DECREMENT SLIT STEP 
.SAVE SLITST 
,CLEAR A 
,POINT TO CURRENT SLITWIDTH 
, MEM0RY=O-' 
.DECREMENT MEMORY 
,BORROWS-NO-JUMP SSTDR 
,INCREMENT POINTER 
, MEMORY=0-' 
.DECREMENT MID BYTE 
, BORROW-'-NO-JUMP SSTDR 
,INCREMENT POINTER 
.DECREMENT MSB 
,SLITST=0 75UM 
.SET DISPLAY SERVICE FLAG 
.STEPD- DECREMENTS THE WAVELENGTH DRIVE ONE STEP 
STEPD PUSH PSW 
DI 
IN PRT1A 
ANI 
OUT 
OR I 
EI 
OUT 
POP 
247 
PRT1A 
08 
PRT1A 
PSW 
STEP WAVELENGTH DOWN ONCE 
DISABLE INTERRUPTS 
READ PORT A 
SET STEP-DOWN BIT LOW 
OUTPUT TO PORT A 
SET STEP-DOWN BIT HIGH 
ENABLE INTERRUPTS 
OUTPUT HIGH TO STEP-DOWN EIT 
RESTORE PROGRAM STATUS WORD 
411 
RET 
.SSTEPU-STEPS SLITWIDTH DRIVE UP ONE STEP (0 25UM). 
SERVICES SLITWIDTH COUNTERS 
SSTEPU. IN PRT1B 
ANI 4 
RNZ 
DI 
IN PRT1A 
ANI 239 
OUT PRT1A 
ORI 16 
OUT PRT1A 
EI 
LDA SLITST 
CPI 3 
JZ SSTUU 
INR A 
STA SLITST 
RET 
SSTUU LXI H,CURSLI 
INR M 
JNZ SSTUR 
INX H 
INR M 
JNZ SSTUR 
INX H 
INR M 
SSTUR SUB A 
STA SLITST 
MVI A, 1 
STA DDONE 
RET 
.SLITWIDTH AT UPPER LIMIT-
i YES-RETURN 
, NO-DISABLE INTERRUPTS 
,READ PORTA-GENERATE STEP UP 
.SET BIT LOW 
, OUT PORT A 
i SET BIT HIGH 
.OUT PORT A 
,ENABLE INTERRUPTS 
iLOAD SLIT STEP 
.SLIT STEP = 0 75UM-
,YES-JUMP SSTUU 
.NO-INCREMENT SLITST 
.POINT TO CURRENT SLITWIDTH 
,INCREMENT LSB 
,CARRY--NG-JUMP SSTUR 
,YES-INCREMENT MID BYTE 
,CARRY--NO-JUMP SSTUR 
,INCREMENT MSB 
,CLEAR A 
.CLEAR SLIT STEP (=0. OOUM) 
,SET DISPLAY SERVICE FLAG 
,STEPU- INCREMENTS THE WAVELENGTH DRIVE ONE STEP 
-.TEPU PUSH PSW 
DI 
IN PRT1A 
ANI 251 
OUT PRT1A 
ORI 04 
EI 
OUT PRT1A 
POP PSW 
RET 
,STEP WAVELENGTH UP ONCE 
,DISABLE INTERRUPTS 
,READ PORT A 
,SET STEP-UP BIT LOW 
,OUTPUT 
,SET STEP-UP BIT HIGH 
,ENABLE INTERRUPTS 
,OUTPUT HIGH 
,RESTORE PROGRAM STATUS WORD 
, WAITS- CALCULATES THE SLITWIDTH STEP TIME DELAY FROM 
THE SCAN RATE IN THE INPUT BUFFER (lUM/lOOOSEC) 
WAITS CALL BCDEI ,INPUT BUFFER 5UM/SEC MAX 
LXI D. 5000 
CALL CONVER 
SHLD SDELT 
RET 
.LOAD D WITH MAX STEP RATE 
.DIVIDE MAX RATE/STEP RATE 
, STORE STEP DELAY 
,WAITW- CALCULATES THE WAVELENGTH STEP TIME DELAY FROM 
THE SCAN RATE IN THE INPUT BUFFER <1NM/10000SEC) 
WAITW. CALL BCDBI 
LXI D, 20000 
CALL CONVER 
SHLD WDELT 
RET 
, INPUT BUFFER 2NM/SEC MAX 
,LOAD D WITH MAX STEP RATE 
.DIVIDE MAX RATE/STEP RATE 
.STORE STEP DELAY 
,CONVER-CONVERTS THE SCAN RATE TO THE TIME DELAY BETWEEN 
EACH STEP 
.STEP RATE NEGATIVE 
;YES-NO NEED TO COMPLEMENT 
i SAVE MSB IN B 
, COMPLEMENT DIVISOR 
,DIVISOR ZERO? 
CONVER 
C0NVE1 
.C0N1-
C0N1 
C0N2 
RCONV 
ANA A 
JM C0NVE1 
MOV B, A 
CALL COMPL 
MOV A, L 
ORA H 
JNZ C0N1 
DCX H 
DIVISION B 
LXI B, 0 
XCHG 
DAD D 
JNC RCONV 
INX B 
JMP C0N2 
MOV H, B 
MOV L, C 
MOV A, L 
ORA H 
RNZ 
INX H 
RET 
,NO-JUMP C0N1 
,YES-SET HL=-1 
, B, C=0 
, DIVISOR TO D,E ,DIVIDEND TO H,L 
,SUB DIVISOR 
,MINUS--YES RETURN 
,NO-INCREMENT 
.MOVE QUOTIENT TO H, L FROM B, C 
. HL=0 •> 
,NO-RETURN 
,YES-HL=1 
, DISLW-CLEARS SOFTWARE SLEW ENABLE FLAG. PREVENTS SLEW 
MOVEMENT 
DISLW SUB A 
STA ESLEW 
RET 
.DISABLE SLEW 
.CLEAR SLEW ENABLE FLAG 
,ENSLW- SETS SOFTWARE SLEW ENABLE FLAG, ALLOWS SLEW 
MOVEMENT 
413 
ENSLW MVI A, 1 
STA ESLEW 
PET 
,ENABLE SLEW 
, SET SLEW ENABLE FLAG 
FILTER DISABLE SUBROUTINE SETS FILTER POSITION 
TO 1 AND FILTER ENABLE FLAG TO 0 
,-FILDIS 
FILDIS 
. 
.FILENA-SETS THE FILTER SELECTION ENABLE FLAG 
FILENA 
MVI A, 1 
JMP FILSE1 
.SELECT FILTER NUMBER 1 
.DISABLE FILTER SELECTION 
MVI A, 1 
STA ENFIL 
RET 
.ENABLE FILTER SELECTION 
,CSLIT-
CSLIT 
STARTS SLITWIDTH CALIBRATION PROCEDURE 
LDA CALWAV 
ANA A 
RNZ 
STA SDONE 
MVI A, 3 
STA CALSLI 
LDA STATUS 
ORI 80H 
STA STATUS 
DI 
IN PRT1A 
ANI 127 
ORI 64 
EI 
OUT PRT1A 
RET 
WAVELENGTH CALIB IN PROGRESS** 
YES-RETURN 
CLEAR SLITWIDTH MOVEMENT FLAG 
SET SLITWIDTH CALIBRATION FLAG 
SET STATUS FLAG 
.DISABLE INTERRUPTS 
, READ PORT A 
.TURN ON SLIT CALIBRATION LIGHT 
.EABLE INTERRUPTS 
.WRITE CONTROL WORD TO PORT A 
CWAVE- STARTS THE WAVELENGTH CALIBRATION PROCESS 
CWAVE LDA CALSLI 
ANA A 
RNZ 
STA MDONE 
MVI A, 3 
STA CALWAV 
LDA STATUS 
ORI 20H 
STA STATUS 
DI 
IN PRT1A 
ANI I S * 
ORI 129 
.WAVELENGTH CALIE IN PRQGRESS-
, YES-WHY CALIBRATE AGAIN, RETURN 
. NO-STOP ANY WAVELENGHT MOVEMENT 
, SET WAVELENGTH CALIDRATION FLAG 
,SET STATUS FLAG 
.FOR WAVELENGTH CALIBRATION 
,READ PORT A 
, TURN ON ENCODER LIGHT 
,AND SLEW MOTOR 
414 
EI 
OUT PRT1A 
RET 
.ENABLE INTERRUPTS 
.OUTPUT CONTROL WORD TO PORTA 
;SGOTO- STARTS SLITWIDTH MOVEMENT TO SLITWIDTH IN INPUT 
BUFFER 
SGOTO 
SGOTOl 
LDA CALSLI 
ANA A 
RNZ 
CALL BCDBI 
STA DSSLIS+2 
SHLD DSSLIS 
LXI D,2000 
MVI B, 0 
LXI H,DSSLIS 
CALL DIFF 
JP SGOTOl 
MVI A, 2 
STA PSTACK+2 
SUB A 
JMP BUFFIN 
LXI D, 4 
MVI B, 0 
LXI H,DSSLIS 
CALL DIFF 
JM SMOVE 
MVI A, 5 
JMP BUFFIN 
.SLITWIDTH CALIB IN PROGRESS-' 
,YES-RETURN 
.CONVERT BCD INPUT INTO BINARY 
,STORE DESIRED SLITWIDTH 
, USED TO TEST LIMITS 
.LOAD UPPER LIMIT FOR SLITWIDTH 
, IN B, D, E 
.POINT TO DESIRED SLITWIDTH 
.DESSL i:2000 
,NO-JUMP SGOTOl 
,YES-PSTACK=2000 
.DISPLAY ZERO AND RETURN TO MAIN 
, LOAD 4 INTO B. D, E 
.POINT TO DESIRED SLITWIDTH 
.DETERMINE IF DESSLK.5 
,NO-SET UP AND START MOVE 
/DISPLAY 5 AND RETURN TO MAIN 
.DISPLAY 5 AND RETURN TO MAIN 
, SMOVE- SETS UP ANY SLITWIDTH MOVE 
SMOVE DI 
LDA DSSLIS+2 
STA DESSLI+2 
LHLD DSSLIS 
SHLD DESSLI 
LDA CURSLI+2 
EI 
LHLD CURSLI 
MOV B, A 
XCHG 
LXI H,DESSLI 
CALL DIFF 
ANA A 
RZ 
JP SMOVD 
SMOVU- MVI A. 1 
STA SDONE 
STA ESBACK 
LDA DESSLI+2 
.RELOAD DESIRED SLITWIDTH USED 
,T0 TEST LIMITS 
.SET DESIRED SLITWIDTH 
,LOAD CURRENT SLITWIDTH 
/SAVE A IN B 
.POINT TO DESIRED SLITWIDTH 
.DIRECTION OF MOVE REQUIRED 
/NO-MOVE RECUIRED RETURN 
,MOVE DOWN-JUMP SMOVD 
/MOVE UP 
,SET SLITWIDTH SERVICE FLAG 
,ENABLE BACf LASH MOVE 
,CALCULATE BACKLASH MOVE 
415 
LHLD DESSL I 
L X I B, 15 
DAD B 
SMOVUB. STA SLESLI+2 
SHLD SLESLI 
JMP SMOVB 
SMOVD- MVI A, 1 
STA SDONE 
SUB A 
STA ESBACK 
SMOVB LDA STATUS 
ORI 40H 
STA STATUS 
RET 
iADD 15UM 
iSTORE SLEW SLITWIDTH 
J 
iSET SLIT SERVICE FLAG 
.CLEAR A 
iCLEAR SLIT BACKLASH ENABLE FLAG 
,SET STATUS FLAG 
, GOTO- SETS UP WAVELENGTH MOVEMENT TO VALUE I N INPUT 
BUFFER 
GOTO LDA CALWAV 
ANA A 
RNZ 
C A L L BCDEI 
STA DSWAVS+2 
SHLD DSWAVS-
L X I D, UPPER 
MVI B, 1 
L X I H, DSWAVS 
C A L L DIFF 
JP GOT01 
MVI A, <> 
STA PSTACK + l 
MVI A, 5 
STA PSTACK+2 
SUB A 
JMP BUFF IN 
GOTOl L X I D. -1001 
MVI B , - 1 
L X I H, DSWAVS 
C A L L DIFF 
JM MOVE 
SUB A 
JMP BUFF IN 
.WAVELENGTH CALIBRATION IN 
, PROGRESS'' 
,YES-RETURN TO MAIN PROGRAM LOOP 
,NO-CONVERT INPUT BUFFER TO BINARY 
.SAVE DESSIRED WAVELENGTH 
.USED TO TEST L I M I T S 
.LOAD UPPER L I M I T I N B, D, E 
.POINT TO DESIRED WAVELENGTH 
, DESWAV:-950 OONM -
,NO-JMP GOTOl 
,YES-DISPLAY * 5 0 0 0 
.CLEAR A 
.DISPLAY UPPER L I M I T AND RETURN 
.LOAD LOWER L I M I T I N B, D, E 
.POINT TO DESIRED WAVELENGTH 
, DESWAV'I-10 OONM? 
, YES-DISPLAY 0. 00 
, MOVE SETS UP FLAGS FOR ANY WAVELENGTH MOVE 
MOVE DI 
LDA DSWAVS+2 
STA DESWAV+2 
LHLD DSWAVS 
SHLD DESWAV 
SUB A 
.DISABLE INTERRUPTS 
.SET DESIRED WAVELENGTH EQUAL 
,T0 TEST WAVELENGTH 
.CLEAR A 
416 
STEP 
MOVSTU 
MOVSTD 
MOVSLU 
MOVSLD. 
STA COUNTS 
LDA CURWAV+2 
EI 
LHLD CURWAV 
STA OLDWAV+2 
SHLD OLDWAV 
XCHG 
LXI H, DESWAV 
MOV B, A 
CALL DIFF 
PUSH PSW 
POP D 
RZ 
CPI 1 
RZ 
LDA STATUS 
ORI OlOH 
STA STATUS 
CALL BACKLA 
LDA ESLEW 
ANA A 
JZ STEP 
PUSH D 
POP PSW 
CPI 127 
JZ MOVSLD 
CPI 128 
JZ MOVSLU 
PUSH D 
POP PSW 
JP MOVSTD 
SUB A 
STA EBACKL 
INR A 
STA MDONE 
RET 
MVI A,1 
STA EBACKL 
STA MDONE 
RET 
MVI A,1 
STA MDONE 
STA EBACKL 
DI 
IN PRT1A 
ANI 254 
ORI 2 
EI 
OUT PRT1A 
RET 
MVI A.1 
.CLEAR WAVELENGTH MOVEMENT 
.ERROR COUNTER 
, GET CURRENT WAVELENGTH 
,SET OLDWAV EQUAL TO CURWAV 
.POINT TO DESIRED WAVELENGTH 
, C ALCULATE M0D2#if7 (CURWAV-DESWAV) 
.SAVE PSW 
.RETURN IF THEY ARE EO 
,RETURN IF CURWAV-DESWAV=0 OINM 
.SET STATUS BIT 
CALCULATE BACKLASH MOVE 
TEST TO SEE IF SLEWING IS ENABLED 
SLEWING ALLOWED -
NO-JMP STEP 
RETURN PWS TO A 
RETURN FLAGS 
SLEW DOWN "• 
IF TRUE JUMP TO MOVSLD 
SLEW UP -
IF TRUE JUMP TO MOVSLU 
RETURN FLAGS TO PSW AGAIN 
,CLEAR A 
,CLEAR BACKLASH ENABLE FLAG 
, A=l 
,SET WAVELENGTH SERVICE FLAG 
;ENABLE BACKLASH MOVE 
,SET BACKLASH FLAG 
,SET WAVELENGTH SERVICE FLAG 
/SET WAVELENGTH SERVICE FLAG 
,SET BACKLASH ENABLE FLAG 
,START WAVELENGTH SLEWING UP 
iCLEAR WAVELENGTH SLEW DOWN 
41? 
STA MDONE 
STA EBACKL 
DI 
IN PRT1A 
ANI 253 
ORI 1 
EI 
OUT PRT1A 
RET 
,BACKLA-CALCULATES SLEWAV 
5 SET WAVELENGTH SERVICE FLAG 
,SET BACKLASH ENABLE FLAG 
,START WAVELENGTH SLEWING DOWN 
iCLEAR WAVELENGTH SLEW UP 
BACKLA LDA DESWAV+2 
LHLD DESWAV 
LXI B,OFFSET 
DAD B 
JC BACKL 
DCR A 
BACKL STA SLEWAV+2 
SHLD SLEWAV 
RET 
iLOAD DESWAV INTO AHL 
,LOAD OFFSET INTO BC 
.SUBTRACT OFFSET 
,IF NO BORROW RETURN 
.BORROW IF NEEDED 
.STORE SLEW WAVELENGTH 
SCOPY- SETS CURRENT SLITWIDTH COUNTER TO VALUE IN INPUT 
BUFFER 
SCOPY CALL BCDBI 
DI 
STA CURSLI+2 
EI 
SHLD CURSLI 
MVI A, 1 
STA DDONE 
RET 
.CONVERT BCD INPUT TO BINARY 
,STORE NEW SLIT WIDTH 
,SET DISPLAY SERVICE FLAG 
. COPY-SET WAVELENGTH COUNTER TO VALUE IN INPUT BUFFER 
COPY- CALL BCDBI 
DI 
STA CURWAR+2 
EI 
SHLD CURWAR 
MVI A, 1 
STA DDONE 
RET 
,CONVERT BCD INPUT TO BINARY 
/ENABLE INTERRUPTS 
.SET DISPLAY SERVICE FLAG 
,SHON- TURNS KEYBOARD SOFTWARE SHIFT ON 
SHON MVI A,1 .SET SHIFT FLAG 
STA SHIFTC 
MVI A. .DISPLAY SHIFT ' 
OUT LLED-12 
RET 
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/SHOFF- TURNS KEYBOARD SHIFT OFF 
SHOFF. SUB A .CLEAR SHIFT 
STA SHIFTC 
MVI A, ' . SPACE 
OUT LLED-12 
RET 
', STOP- STOPS ALL MONOCHROMATOR MOVEMENT, CLEARS ALL 
MOVEMENT FLAGS, AND STATUS REGISTER 
STOP SUB A ,DISABLE MONO FEEDBACK 
STA MDONE , CLEAR WAVELENGTH MOVEMENT FLAG 
STA SDONE iCLEAR SLITWIDTH MOVEMENT FLAG 
STA ESTEP , CLEAR WAVELENGTH STEP ENABLE 
STA CALWAV , CLEAR WAVELENGTH CALIBRATION FLAG 
STA CALSLI , CLEAR SLITWIDTH CALIBRATION FLAG 
STA STATUS , CLEAR MONOCHROMATOR STATUS FLAG 
STA CASLIN , CLEAR SLIT INTERRUPT FLAG 
STA CAWAIN . CLEAR WAVELENGTH INTERRUPT FLAG 
STA COUNTS , CLEAR MOVEMENT ERROR COUNTER 
DI 
MVI A,OCWl . RESET INTERRUPTS 
OUT LOCW1 
MVI A,OFFH .STOP MONOCHROMATOR 
EI 
OUT PRT1A .SET PORT A EQU OFFH 
RET 
SLAVON-SETS SLAVE MODE FLAG DISABLES INPUT FROM KEYBOARD 
SLAVON MVI A, 1 . TURN ON SLAVE MODE 
STA SLAVE ,SET SLAVE MODE FLAG 
RET 
, SLAVOF-CLEARS SLAVE MODE FLAG ALLOWS INSTRUCTIONS FROM 
FROM THE KEYBOARD TO BE PROCESSED BY UP 
SLAVOF SUE A .TURN OFF SLAVE MODE 
STA SLAVE .CLEAR SLAVE MODE FLAG 
RET 
, OUTWAV-OUTPUTS THE CURRENT WAVELENGTH TO THE SIO PORT 
OUTWAV DI 
LDA CURWAV+2 , LOAD CURRENT WAVELENGTH 
EI , ENABLE INTERRUPTS 
LHLD CURWAV 
JMP OUTS ,JUMP TO OUTPUT SUBROUTINE 
.OUTSLI-OUTPUTS THE CURRENT SLITWIDTH TO THE SIO PORT. 
OUTSLI DI 
LDA CURSLI+2 
EI 
LHLD CURSLI 
JMP OUTS 
LOAD CURRENT SLITWIDTH 
.SET UP OUTPUT 
.OUTFIL-OUTPUTS CURRENT FILTER TO SIO PORT 
OUTFIL 
.OUTS-
OUTS 
LHLD NUMFIL 
SUB A 
MOV H. A 
.LOAD CURRENT FILTER NUMBER 
. A=0 
.H=0 
CONVERSION AND OUTPUT ROUTINE FOR WAVELENGTH 
AND SLITWIDTH INFORMATION TO THE SIO PORT 
MOV B. A 
LDA BUFPOI 
ANA A 
RNZ 
MOV A, B 
.SAVE MSB 
/BUFFER FULL-' 
/YES-RETURN 
,NO-RESTORE MSB 
LXI D,BUFOUT+4 /POINT TO OUTPUT BUFFER 
CALL BIBCDA 
MVI A, 5 
STA BUFPOI 
RET 
CONVERT BINARY TO ASCII 
SET BUFFER POINTER 
.FILSEL-SETS FILTER NUMBER TO VALUE IN INPUT BUFFER 
FILSEL 
FILSE1 
CALL BCDBI 
MOV A, L 
OUT PRT1C 
STA NUMFIL 
SUB A 
STA ENFIL 
RET 
.CONVERT FILTER NUMBER 
.MOVE FILTER NUMBER TO A 
.SAVE FILTER NUMBER 
.CLEAR FILTER ENABLE FLAG 
.STATS- OUTPUTS THE MONOCHROMATORS STATUS AND ERROR 
FLAGS TO THE SIO PORT 
STATS IN SIOC 
ANI 4 
JZ STATS 
LDA STATUS 
LXI H. ERFLAG 
ADD M 
OUT SIOD 
RET 
.WAIT FOR CLEAR SIO 
.LOAD STATUS WORD 
.POINT TO ERROR FLAG 
.ADD ERROR FLAG TO STATUS 
,OUTPUT STATUS FLAGS AND ERROR 
,FLAGS TO SIO PORT 
OUTSLB-OUTPUTS 3 BYTES ECUAL TO THE CURRENT 
OUTSLB 
SLITWIDTH TO S I O PORT 
, LOAD CURRENT SLITWIDTH 
DI 
LDA CURSLI+2 
E I 
LHLD CURSLI 
JMP OUTBY , JMP TO OUTPUT ROUTINE 
. OUTWAB-OUTPUTS 3 BYTES EQUAL TO THE CURRENT 
WAVELENGTH TO S I O PORT 
OUTWAB DI 
LDA CURWAV+2 
E I 
LHLD CURWAV 
JMP OUTBY 
, LOAD CURRENT WAVELENGTH 
, JMP TO OUTPUT ROUTINE 
, OUTFIB-OUTPUTS 3 BYTES ECUAL TO THE CURRENT 
FILTER NUMBER TO SIO PORT 
OUTFIB LHLD NUMFIL 
SUB A 
MOV H,A 
, LOAD CURRENT F ILTER 
, A=0 
. H=0 
. OUTBY- OUTPUT ROUTINE FOR BINARY INFORMATION 
f 
OUTBY MOV B,A 
LDA BUFPOI 
ANA A 
RNZ 
MOV A . B 
STA BUFOUT+2 
SHLD BUFOUT 
MVI A, 3 
STA BUFPOI 
RET 
, SAVE A 
, OUTPUT BUFFER FULL"' 
,YES-RETURN 
. NO-RESTORE MSB 
, PLACE DATA IN OUT PUT BUFFER 
/ SET BUFFER POINTER 
MOVING 
MOVING 
-SUBROUTINE TO CONTROL WAVELENGTH MOVEMENTS ONCE 
THEY HAVE STARTED 
MVI1 
DI 
LHLD CURWAV 
E I 
LDA CURWAV+2 
XCHG 
MOV B.A 
LX I H/ DESWAV 
LDA EBACKL 
ANA A 
JZ MVI1 
LX I H, SLEWAV 
CALL D I F F 
, LOAD CURRENT WAVELENGTH 
SAVE A IN B 
POINT TO DESIRED WAVELENGTH 
BACKLASH MOVE ENABLED-
NO-MOVING TO DESIRED WAVELENGTH 
YES-MOVING TO SLEW WAVELENGTH 
MVISTU 
MVISTD 
MVSTDA 
MVISUJ 
MVISLD 
PUSH PSW 
I N PRT1A 
AN I 003H 
XRI 003H 
CPI 1 
JZ MVISLU 
JP MVISLD 
LDA EBACKL 
CPI 1 
JZ MVISTD 
POP PSW 
ANA A 
JZ MSTOP 
JP MSTOP 
LDA ESTEP 
CPI 1 
RZ 
LHLD WDELT 
SHLD WDELC 
MVI A, 1 
STA ESTEP 
RET 
POP PSW 
JP MVSTDA 
SUB A 
STA EBACKL 
JMP MOVIN1 
LDA ESTEP 
CPI 2 
RZ 
LHLD WDELT 
SHLD WDELC 
MVI A, 2 
STA ESTEP 
RET 
POP PSW 
RM 
DI 
I N PRT1A 
ORI 1 
E I 
OUT PRT1A 
SUE A 
STA EBACKL 
RET 
POP PSW 
RP 
DI 
I N PRT1A 
ORI 2 
EI 
OUT PRT1A 
iSAVE PSW 
iSLEWING-
lYES-UP-JUMP MVISLU 
i YES-DOWN-JUMP MVISLD 
I NO-STEPPING DOWN-'' 
, YES-JUMP MVISTD 
.NO-STEPPING UP-RESTORE PSW 
i YES-STOP 
, NO-STEP UP ENABLED 
, YES-RETURN 
, NO-SET WAVELENGTH STEP DELAY 
.ENABLE STEP UP 
.RESTORE PSW 
.CLEAR A 
(CLEAR BACKLASH ENABLE FLAG 
.STEP DOWN ENABLED-
, YES-RETURN 
, NO-SET WAVELENGTH STEP DELAY 
.ENABLE STEP DOWN 
,RET I F CURWAV<DESSLE 
iTURN OFF SLEW CURWAV>DESSLE 
.CLEAR A 
.DISABLE BACKLASH MOVE 
.RESTORE PSW 
,RET I F CURWAV?DESSLE 
iTURN OFF SLEW CURWAV-'.DESSLE 
.ENABLE INTERRUPTS 
MSTOP. 
MOVIN1 
SUB A 
STA EBACKL 
JMP MOVINI 
SUB A 
STA ESTEP 
STA MDONE 
LDA STATUS 
ANI OEFH 
STA STATUS 
RET 
DI 
LHLD CURWAV 
EI 
LDA CURWAV+2 
SHLD OLDWAV 
STA OLDWAV+2 
SUB A 
STA COUNTS 
RET 
,CLEAR A 
.DISABLE BACKLASH MOVE 
, CLEAR A 
,DISABLE STEP 
.CLEAR WAVELENGTH MOVEMENT FLAG 
.CLEAR STATUS FLAG 
,SET OLDWAV ECUAL TO CURWAV 
,CLEAR A 
,CLEAR COUNTS 
, SMOVIN-MAIN SLITWIDTH MOVEMENT SUBROUTINE 
SMOVIN 
SMVIU 
SMVIU1 
SMVID 
DI 
LHLD CURSLI 
EI 
LDA CURSLI+2 
MOV B. A 
XCHG 
LDA ESEACK 
ANA A 
JZ SMVID 
LXI H/SLESLI 
CALL DIFF 
JP SMVIU1 
LDA ESLIT 
CPI 1 
RZ 
LHLD SDELT 
SHLD SDELC 
MVI A,1 
STA ESLIT 
RET 
SUB A 
STA ESBACK 
RET 
LXI H/DESSLI 
CALL DIFF 
JZ SSTOP 
JM SSTOP 
LDA ESLIT 
CPI 2 
RZ 
/DISABLE INTERRUPTS 
.LOAD CURRENT SLITWIDTH 
.ENABLE INTERRUPTS 
,SAVE A 
/SLITWIDTH BACKLASH ENABLED-
,SET FLAGS 
,NO-JUMP SMVID 
,YES-POINT TO SLEW SLITWIDTH 
. SLESLKCURSLI? 
,YES-JUMP SMVIU1 
/NO-SLIT STEP UP ENABLED? 
/YES-RETURN 
,NO-LOAD SLIT STEP DELAY 
,SET DELAY 
,ENABLE SLIT STEP UP 
, CLEAR A 
/CLEAR SLIT EBACKLASH FLAG 
/POINT TO DISIRED SLITWIDTH 
/DESSLI: CURSLI-
,YES-JUMP TO SLIT STOP 
,SLIT STEP DOWN ENABLED-
,YES-RETURN 
,NO-LOAD SLIT STEP DELAY 
>SET DELAY 
,ENAELE SLIT STEP DOWN 
,CLEAR A 
/CLEAR SLITWIDTH SERVICE FLAG 
, CLEAR SLIT STEP ENABLE 
, CLEAR STATUS FLAG 
LHLD SDELT 
SHLD SDELC 
MVI A, 2 
STA ESLIT 
RET 
SSTOP SUB A 
STA SDONE 
STA ESLIT 
LDA STATUS 
ANI OBFH 
STA STATUS 
RET 
ERROR-ERROR DETECTION AND REPORTING ROUTINE 
THIS ROUTINE CAN DETERMINE 
IN OPERATION (ERROR NUMBERS AS FOLLOWS) 
1) ALL LIMITS HIGH (PLUG ERROR) 
2) UPPER WAVELENGTH LIMIT 
3) LOWER WAVELENGTH LIMIT 
4) UPPER SLITWIDTH LIMIT 
5) 
6) 
7) 
8) 
9) 
LOWER SLITWIDTH LIMIT 
WAVELENGTH CALIBRATION ERROR 
SLITWIDTH CALIBRATION ERROR 
MONOCHROMATOR NOT MOVING WHEN IT SHOULD 
WAVELENGTH MOVEMENT IN THE WRONG DIRECTION 
THE ROUTINE SETS THE ERROR FLAG TO INDICATE THE 
ERROR TYPE AND DISPLAYS A MESSAGE INDICATING TO THE 
OPERATOR THE ERROR TYPE THAT HAS OCCURED 
ERROR 
ERRORP 
ERRR-
IN PRT1B 
ANI OFH 
JZ ERRORS 
CPI 003H 
JZ ERRORP 
CPI OOCH 
JZ ERRORP 
CPI OOFH 
JZ ERRORP 
JMP ERRR 
MVI A,OIH 
LXI H,ERTYAL 
LXI D,ERTYOO 
JMP ERROUT 
CPI 02H * 
JZ ERRORO 
JNC ERROR1 
MVI A,02H 
LXI H,ERTYWA 
LXI D.ERTYOl 
LIMIT ERROR? 
NO-JMP TO ERRORS 
PLUG ERRGR-
YES-JUMP ERRORP 
PLUG ERROR-
YES-JUMP-ERRORP 
PLUG ERROR-
YES-JUMP ERRORP 
NO-TEST TO FIND LIMIT 
YES PLUG ERROR 
POINT TO ERROR MESSAGE 
,YES-WHAT TYPE? 
,WAVE LOWER LIMIT"' YES-JMP 
,SLIT LIMIT JMP TO ERROR1 
,UPPER WAVE LIMIT1 
.POINT TO ERROR MESSAGE 
ERRORO-
ERROR1 
ERR0R2 
ERROR3 
ERR0R4 
ERRORS 
ERRORB 
JMP 
LDA 
ANA 
JNZ 
MVI 
LXI 
LXI 
JMP 
CPI 
JZ 1 
MVI 
LXI 
LXI 
JMP 
LDA 
ANA 
JNZ 
MVI 
LXI 
LXI 
JMP 
LDA 
ANA 
JNZ 
LDA 
ANA 
ERROUT 
CALWAV 
A 
ERR0R5 
A, 03H 
H.ERTYWA 
D,ERTY02 
ERROUT 
8 
ERR0R2 
A, 04H 
H,ERTYSL 
D,ERTYOl 
ERROUT 
CALSLI 
A 
ERRORS 
A. 05H 
H,ERTYSL 
D,ERTY02 
ERROUT 
CALWAV 
A 
ERR0R5 
CAWAIN 
A 
JZ ERR0R4 
MVI 
LXI 
LXI 
JMP 
LDA 
ANA 
A, 06H 
H.ERTYWA 
D,ERTY03 
ERROUT 
CASLIN 
A 
JZ ERRORB 
LDA 
ANA 
JNZ 
MVI 
LXI 
LXI 
JMP 
CPI 
JMP 
LDA 
ANA 
CALSLI 
A 
ERRORB 
A, 07H 
H,ERTYSL 
D,ERTY03 
ERROUT 
03H 
ERR0R6 
MDONE 
A 
JZ ERRORC 
IN PRT1A 
ANI 
XRI 
ANA 
003H 
003H 
A 
JZ ERRORD 
CPI 002H 
.LOWER WAVELENGTH- LIMIT' 
.WAVELENGTH CALIB IN PROGRESS-
iYES-NOT ERROR JUMP ERRORS 
,NO-ERROR! 
;POINT TO ERROR MESSAGE 
,SLITWIDTH LOWER LIMIT? 
,YES-JUMP ERR0R2 
.UPPER SLIT LIMIT' 
.POINT TO ERROR MESSAGE 
.LOWER SLITWIDTH LIMIT 
.SLITWIDTH CALIB IN PROGRES 
.YES-NO ERROR JUMP ERRORS 
,NO-ERROR 
.POINT TO ERROR MESSAGE 
,WAVELENGTH CALIB IN PROGRESS? 
,YES-JUMP ERRORS 
.WAVE CAIBRATION ERROR' 
.POINT TO ERROR MESSAGE 
.SLIT CALIB INTERRUPT FLAG SET-
.NO-JUMP ERRORB 
,YES-SLIT CALIB IN PROGRESS? 
,YES-JUMP ERRORB 
,NO-SLIT CALIBRATION ERROR1 
.WAVELENGTH CALIB IN PROGRESS1 
iSET FLAGS AND JUMP ERR0R6 
.MONO MOVING-
,NO ERROR JUMP TO ERRORC 
,MONOCHROMATOR SLEWING? 
iCLEAR ALL EXCEPT SLEW BITS 
.SET HIGH IF LOW (SLEWING) 
iSET FLAGS 
iNO JUMP ERRORD 
,IF SLEWING DOWN ZERO FLAG=1 
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ERRORD. 
ERR0R6 
ERR0R7 
ERRORS 
ERR0R9 
ERRORC 
JMP ERR0R6 
LDA EBACKL 
CPI 1 
PUSH PSW 
POP H 
LDA COUNTS 
CPI 07FH 
RC 
PUSH H 
DI 
LHLD CURWAV 
EI 
LDA CURWAV+2 
PUSH PSW 
PUSH H 
XCHG 
LXI H,OLDWAV 
MOV B, A 
CALL DIFF 
MOV E,A 
POP H 
POP PSW 
STA OLDWAV+2 
SHLD OLDWAV 
SUB A 
STA COUNTS 
MOV A, B 
ANA A 
JNZ ERR0R7 
POP PSW 
MVI A,08H 
LXI H.ERTYWA 
LXI D,ERTY04 
JMP ERROUT 
JM ERRORS 
POP PSW 
JNZ ERRORC 
JMP ERR0R9 
POP PSW 
JZ ERRORC 
MVI A/ 0*H 
LXI H.ERTYWA 
LXI D,ERTY05 
JMP ERROUT 
SUB A 
LXI H.ERFLAG 
CMP M 
MOV M. A 
RZ 
MVI A/OIH 
STA DDONE 
RET 
,BACKLASH MOVE ENABLED? 
,SAVE PSW 
. IN H 
.DETERMINE IF IT IS TIME TO 
,TEST FOR MOVEMENT ERROR 
, IF NOT RETURN 
,SAVE PSW ON STACK 
.GET CURRENT WAVELENGTH 
, SAVE CURRENT WAVELENGTH ON STACK 
.MOVE CURWAV TO DE 
.POINT TO OLDWAV 
,MOVE A TO B 
/CALCULATE CURWAV MINUS OLDWAV 
.SAVE DIFFERENCE 
,RETURN CURWAV ROM STACK 
,OLDWAV=CURWAV 
.CLEAR A 
,CLEAR COUNTS 
,RETURN DIFFERENCE TO A 
/SET FLAGS 
,MONOCHCOMATOR MOVING0 
,CLEAR STACK 
.WAVE NOT MOVING 
.POINT TO ERROR MESSAGE 
.MONO MOVING DOWN YES JMP ERRORS 
.YES-JMP ERRORC (NO ERROR) 
.MOVING DOWN? 
,YES-JMP ERRORC (NO ERROR) 
/WRONG DIRECTION 
.POINT TO ERROR MESSAGE 
,NO ERROR' 
,ERROR FLAG SET? 
,CLEAR ERROR FLAG 
/NO-RETURN 
,YES-SET DISPLAY SERVICE FLAG 
. ERROUT-SAVES THE ERROR FLAG AND DISPLAY1; 
ERROR MESSAGE 
THE 
ERROUT STA ERFLAG 
LDA C0UNT4 
ANI 040H 
JNZ MESDIS 
.SAVE ERROR FLAG 
.COUNTER FOR FLASHING DISPLAY 
.DISPLAY ERROR MESSAGE" 
,YES-JUMP MESDIS 
.NO-BLANK DISPLAY 
.BLANK- BLANIS DISPLAY 
BLANK 
MESDIS 
LXI 
LXI 
Hz BLANK 1 
D, BLANK 1 
-DISPLAYS ERR 
MOV 
OUT 
INX 
MOV 
OUT 
INX 
MOV 
OUT 
INX 
MOV 
OUT 
MVI 
OUT 
A.M 
LLED 
H 
A, M 
LLED-1 
H 
A.M 
LLED-2 
H 
A.M 
LLED-3 
A, 
LLED-4 
XCHG 
MOV 
OUT 
INX 
MOV 
OUT 
INX 
MOV 
OUT 
MVI 
OUT 
INX 
MOV 
OUT 
INX 
MOV 
OUT 
INX 
MOV 
OUT 
RET 
A, M 
LLED-5 
H 
A.M 
LLED-6 
H 
A.M 
LLED-7 
A. ' ' 
LLED-3 
H 
A, M 
LLED-* 
H 
A/M 
LLED-10 
H 
A, M 
LLED-11 
MESSAGE 
.MOVE CHARACTER FROM MEMORY 
.DISPLAY 1ST CHARACTER 
.INCREMENT POINTER 
.MOVE CHARACTER FROM MEMORY 
.DISPLAY 2ND CHARACTER 
,INCREMENT POINTER 
.MOVE CHARACTER FROM MEMORY 
.DISPLAY 3RD CHARACTER 
,INCREMENT POINTER 
,MOVE CHARACTER FROM MEMORY 
;DISPLAY 4TH CHARACTER 
DISPLAY SPACE 
SECOND MESSAGE POINTER TO HL 
MOVE CHARACTER FROM MEMORY 
DISPLAY 5TH CHARACTER 
INCREMENT POINTER 
MOVE CHARACTER FROM MEMORY 
DISPLAY 6TH CHARACTER 
INCREMENT POINTER 
MOVE CHARACTER FROM MEMORY 
DISPLAY 7TH CHARACTER 
DISPLAY SPACE 
INCREMENT PO INTER-
MOVE CHARACTER FROM MEMORY 
DISPLAY 8TH CHARACTER 
INCREMENT POINTER 
MOVE CHARACTER FROM MEMORY 
DISPLAY *TH CHARACTER 
INCREMENT POINTER 
MOVE CHARACTER FROM MEMORY 
DISPLAY 10TH CHARACTER 
,MESSAC 
ERTYAL 
ERTYWA 
j 
ERTYSL 
ERTYOO 
ERTYO1 
ERTY02-
ERTYO3 
-
ERTY04-
•E TABLE 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
: FOR ERROR 
** D *" 
' L ' 
' U ' 
' G ' 
'Vi" 
' A ' 
' V 
'E 
' C ' 
' L ' 
' I 
' T ' 
' E ' 
'R ' 
'R ' 
•* i •• 
- 1 ' 
' i ' 
' U ' 
y p ' 
* ^ 
' L ' 
I 
'M 
' L ' 
' 0 ' 
'W' 
'Lf 
T ' 
' M ' 
C ' 
' A ' 
L ' 
X E ' 
'R 
R' 
' N ' 
' 0 
' T ' 
'M 
'0-' 
• 'V 
SUBR0UT1 
« 
ERTYO! 
BLANK1 
DB 'W' 
DB 'R ' 
DB 'O' 
DB 'D' 
DB 'I ' 
DB 'R' 
DB ' ' 
DB ' ' 
DB ' ' 
DB ' ' 
DB " ' 
DB ' ' 
CORWAV-CALCULATES THE CORRECTED WAVELENGTH 
FOR MONOCHROMATOR 
CORWAV 
CORW1 
C0RW2: 
DI 
LDA CURWAR+2 
EI 
LHLD CURWAR 
MOV C, A 
XCHG 
MVI B, 0 
LXI H, TABWA 
PUSH D 
CPI OFFH 
JZ C0RW2 
MOV A. E 
SUB M 
INX H 
MOV A, D 
SBB M 
INX H 
MOV A, C 
SBB M 
JM C0RW2 
INX H 
INR B 
JMP C0RW1 
MOV E, B 
MVI D,0 
LXI H. TAECO 
DAD D 
MOV E, M 
POP H 
MOV A, E 
ANI 080H 
JZ C0RW3 
MVI D. OFFH 
DAD D 
JC C0RW4 
POINT TO TABLE OF COR FAC 
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DCR C 
JMP C0RW4 
C0RW3 DAD D 
JNC C0RW4 
INR C 
C0RW4 SHLD CURWAV 
MOV A,C 
STA CURWAV+2 
RET 
TABWA DW 20011 
DB 00 
DW 20*55 
DB 00 
DW 21838 
DB 00 
DW 22675 
DB 00 
DW 23476 
DB 00 
DW 24250 
DB 00 
DW 25004 
DB 00 
DW 25744 
DB 00 
DW 26475 
DB 00 
DW 27201 
DB 00 
DW 27*28 
DB 00 
DW 28661 
DB 00 
DW 2*404 
DB 00 
DW 30164 
DB 00 
DW 30*4* 
DB 00 
DW 3176* 
DB 00 
DW 3263* 
DB 00 
DW 33582 
DB 00 
DW 34637 
DB 00 
DW 35887 
DB 00 
DW 37600 
DB 00 
DW 42866 
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CO 
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CJ 
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N 
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co 
-o 
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-a 
co 
co 
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0 
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o 
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DB 03 
DB 02 
DB 01 
DB 00 
DB -1 
DB -2 
DB -3 
DB -4 
DB -5 
DB -6 
DB -7 
DB -3 
DB -9 
DB -8 
DB -7 
DB -6 
DB -5 
DB -4 
DB -3 
DB -2 
DB -1 
DB 00 
DB 01 
DB 02 
DB 03 
DB 04 
DB 05 
DB 06 
DB 07 
DB 08 
DB 0* 
DB 10 
DB 11 
DB 00 
DISPLA-DISPLAYS THE CURRENT WAVELENGTH AND SLITWIDTH 
AS CALCULATED FROM THE CURRENT WAVELENGTH AND 
SLITWIDTH COUNTERS 
DISPLA LDA ERFLAG 
ANA A 
RNZ 
SUB A 
STA DDONE 
CALL BLANK 
DI 
LDA CURWAV+2 
EI 
LHLD CURWAV 
CALL BIBCD 
LXI H,BCD+4 
LXI B, ' 0 
,L0AD ERROR FLAG 
,N0 ERROR? 
,NO-RETURN 
.CLEAR A 
.CLEAR DISPLAY SERVICE FLAG 
.CLEAR DISPLAY 
.DISABLE INTERRUPTS 
;LOAD CURRENT WAVELENGTH 
.ENABLE INTERRUPTS 
,CONVERT WAVELENGTH TO ASCII 
iPOINT TO MS DIGIT 
, 
432 
DISLEO 
DISLEA 
CALL DISLEO 
OUT LLED 
CALL DISLEO 
OUT LLED-1 
CALL DISLEO 
OUT LLED-2 
MVI A, ' ' 
OUT LLED-3 
MOV A, M 
OUT LLED-4 
DCX H 
MOV A, M 
OUT LLED-5 
DI 
LDA CURSLI+2 
E I 
LHLD CURSLI 
CALL BIBCD 
LXI H, BCD+3 
LXI B, • 0 ' 
CALL DISLEO 
OUT LLED-7 
CALL DISLEO 
OUT LLED-8 
CALL DISLEO 
OUT LLED-9 
A, M 
LLED-10 
MOV 
OUT 
RET 
MOV 
DCX 
CMP 
JNZ 
MOV 
RET 
MOV 
RET 
A, M 
H 
C 
DISLEA 
A, B 
B, C 
,TEST FOR LEADING ZERO 
,OUTPUT 1ST CHARACTER TO DISPLAY 
.TEST FOR LEADING ZERO 
,OUTPUT 2ND CHARACTER TO DISPLAY 
,TEST FOR LEADING ZERO 
, OUTPUT 3RD CHARACTER TO DISPLAY 
,DECIMAL POINT 
,OUTPUT TO DISPLAY 
, MOVE CHARACTER FROM MEMORY 
,OUTPUT 4TH CHARACTER TO DISPLAY 
,DECREMENT POINTER 
,MOVE CHARACTER FROM MEMORY 
.OUTPUT CHARACTER TO DISPLAY 
.DISABLE INTERRUPTS 
.LOAD CURRENT SLITWIDTH 
.ENABLE INTERRUPTS 
.CONVERT SLITWIDTH TO ASCII 
iPOINT TO MSD 
.TEST FOR LEADING ZERO 
,OUTPUT 1ST CHARACTER TO DISPLAY 
,TEST FOR LEADING ZERO 
,OUTPUT 2ND CHARACTER TO DISPLAY 
,TEST FOR LEADING ZERO 
, OUTPUT 3RD CHARACTER TO DISPLAY 
i MOVE CHARACTER FROM MEMORY 
-OUTPUT 4TH CHARACTER TO DISPLAY 
,MOVE CHARACTER FROM MEMORY 
, DECREMENT POINTER 
.CHARACTER ZERO? 
,NO-MOVE ZERO TO B 
.MOVE CHARACTER TO A 
MOVE ZERO TO B 
MCWAVE-MAIN WAVELENGTH CALIBRATION SUBROUTINE 
WAVELENGTH CALIBRATION STAGES OCCUR IN THE 
FOLLOWING ORDER WHEN CALWAV EQUALS 
3=WAVELENGTH SLEWING DOWN TO LOWER LIMIT 
2=WAVELENGTH SLEWING UP TO SLEW WAVELENGTH 
1=WAVELENGTH STEPPING UP TO DESIRED WAVELENGTH 
0=WAVELENGTH CALIBRATION DISABLED 
MCWAVE. CPI 2 
JZ CWAVE2 
JM CWAVE3 
IN PRT1B 
ANI 2 
.DETERMINE CALIBRATION STAGE 
.WAVELENGTH AT LOWER LIMIT-
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CWAVE2 
CWAVE3 
RZ 
DI 
IN PRT1A 
ORI 3 
EI 
OUT PRT1A 
SUB A 
STA SLEWAV+2 
STA DESWAV+2 
STA COUNTS 
LXI H, WAVECA+ 
SHLD DESWAV 
LXI H, WAVECA-
SHLD SLEWAV 
DI 
LXI H, LOWER 
SHLD CURWAR 
SHLD OLDWAV 
MVI A, OFFH 
STA CURWAR+2 
STA OLDWAV+2 
SUB A 
STA COUNTS' 
IN PRT1A 
ANI 254 
ORI 2 
OUT PRT1A 
MVI A, 2 
STA CALWAV 
DI 
LDA CURWAV+2 
EI 
LHLD CURWAV 
XCHG 
MOV B, A 
LXI H, SLEWAV 
CALL DIFF 
RM 
DI 
IN PRT1A 
ORI 3 
EI 
OUT PRT1A 
IN LOCW1 
ANI 244 
OUT LOCW1 
MVI A, 1 
STA CALWAV 
STA CAWAIN 
DI 
LDA CURWAV+2 
EI 
. NO-RETURN 
; YES-
. REVERCE LIMIT REACHED 
iTURN OFF ALL SLEW MOVEMENT 
.CLEAR A 
, SET UP SLEWAV AND DESWAV 
/ CLEAR ERROR COUNTER 
1000 .DESIRED WAVELENGTH 10NM 
.OVER CALIBRATION WAVELENGTH 
1000 ,SLEW WAVELENGTH 10 
.UNDER CALIBRATION WAVELENGTH 
. EQUAL TO LOWER LIMIT 
, CLEAR COUNTS 
, START SLEW UP 
. SET WAVELENGTH CALIBRATION FLAG 
. LOAD CURRENT WAVELENGTH 
.POINT TO SLEW WAVELENGTH 
,CURWAV>SLEWAV? 
/NO-RETURN 
i YES-
,TURN OFF SLEW 
.SET WAVELENGTH CALIB INTERRUPT 
. SET WAVELENGTH CALIBRATION FLAG 
.SET WAVELENGTH INTERRUPT FLAG 
, LOAD CURRENT WAVELENGTH 
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LHLD CURWAV 
XCHG 
MOV 
LXI 
B, A 
H,DESWAV 
CALL DIFF 
JP CWAVE4 
LDA 
CPI 
RZ 
LXI 
ESTEP 
1 
H. 4 
SHLD WDELC 
MVI 
STA 
RET 
CWAVE4 SUB 
STA 
STA 
LDA 
ANI 
STA 
DI 
A, 1 
ESTEP 
A 
ESTEP 
CALWAV 
STATUS 
ODFH 
STATUS 
IN LOCW1 
ORI 
OUT 
o 
L0CW1 
IN PRT1A 
ORI 
EI 
OUT 
RET 
64 
PRT1A 
.POINT TO DISIRED WAVELENGTH 
i CURWAV>DESWAV-
, YES-JUMP CWAVE4 
.NO-STEP ENABLED? 
,YES-RETURN 
/NO-LOAD STEP DELAY 
.ENABLE STEPUP 
.CLEAR A 
.DISABLE STEP 
.CLEAR WAVELENGTH CALIBRATION FLAG 
,CLEAR STATUS FLAG 
.DISABLE WAVE CALIB INTERRUPT 
.TURN OFF WAVEC ENCODER 
MCSLIT-MAIN SLITWIDTH CALIBRATION SUBROUTINE, THE 
SLITWIDTH CALIBRATION PROCEDURE OCCURS IN THE 
FOLLOWING ORDER AND AS CALSLI EQUALS 
MCSLIT. 
3=SLITWIDTH 
2=SLITWIDTH 
1=SLITWIDTH 
0=SLITWIDTH 
CPI 2 
JM CSLIT5 
JZ CSLIT2 
IN PRT1B 
ANI 8 
JNZ CSLIT1 
LDA ESLIT 
CPI 2 
RZ 
LXI H,2 
SHLD SDELC 
MVI A, 2 
MOVES TO LOWER LIMIT 
MOVES TO 110UM 
MOVES TO 50UM WITH INTERRUPT ACTIVE 
CALIBRATION PROCEDURE IS TURNED OFF 
.DETERMINE STAGE OF CALIBRATION 
,SLITWIDTH AT LOWER LIMIT? 
,YES-JJUMP CSLIT1 
, NO-STEP DOWN ENABLED? 
,YES-RETURN 
,NO-LOAD DELAY COUNTER 
.ENABLE SLITWIDTH STEP DOWN 
STA ESLIT 
RET 
CSLIT1- MVI A, 2 
STA CALSLI 
LXI H, 110 
SHLD DESSLI 
SUB A 
STA DESSLI+2 
DI 
STA CURSLI+2 
LXI H/5 
SHLD CURSLI 
CSLIT2 DI 
LDA CURSLI+2 
EI 
LHLD CURSLI 
MOV B/ A 
XCHG 
LXI H,DESSLI 
CALL DIFF 
JP CSLIT4 
CSLITS LDA ESLIT 
CPI 1 
RZ 
LXI H/2 
SHLD SDELC 
MVI A, 1 
STA ESLIT 
RET 
CSLIT4 IN LOCW1 
ANI 251 
EI 
OUT LOCW1 
LXI H, 50 
SHLD DESSLI 
MVI A, 1 
STA CALSLI 
STA CASLIN 
CSLIT5 DI 
LDA CURSLI+2 
EI 
LHLD CURSLI 
MOV B. A 
XCHG 
LXI H,DESSLI 
CALL DIFF 
JZ CSLRET 
JM CSLRET 
LDA ESLIT 
CPI 2 
RZ 
LXI H.4 
.START SECOND STAGE OF CALIB 
jSET SLITWIDTH CALIB FLAG=2 
.SET DESIRED WAVELENGTH TO 110UM 
.CLEAR A 
SET PRESENT SLITWIDTH EQUAL SUM 
.CURRENT SLITWIDTH>110UM-
,POINT TO DESIRED SLITWIDTH 
,CALCULATE DIFFERENCE 
,YES-JUMP CSLIT4 
,NO-STEP UP ENABLED? 
,YES-RETURN 
.NO-SET STEP DELAY 
,ENABLE STEP UP 
,ENABLE SLIT CALIB INTERRUPT 
.SET DESIRED SLIT EQUAL TO 50UM 
.SET SLITWIDTH CALIB FLAG 
.SET SLIT CALIB INTERRUPT FLAG 
.LOAD CURRENT SLITWIDTH 
.SAVE A 
/POINT TO DESIRED SLITWIDTH 
,CURSLI=<50UM 
,YES-STOP SLITWIDTH MOVEMENT 
,NO-STEP DOWN ENABLED? 
,YES-RETURN 
.NO-SET STEP DELAY 
CSLRET 
SHLD SDELC 
MVI A, 2 
STA ESLIT 
RET 
SUB A 
STA CALSLI 
STA ESLIT 
LDA STATUS 
ANI 07FH 
STA STATUS 
DI 
IN L0CW1 
ORI 4 
OUT LOCW1 
IN PRT1A 
ORI 128 
EI 
OUT PRT1A 
RET 
.ENABLE SLIT STEP DOWN 
/CLEAR A 
/CLEAR CALIBRATION FLAG 
.DISABLE SLIT STEP 
,CLEAR STATUS BIT 
,TURN OFF SLITC INTERRUPT 
.TURN OFF SLIT ENCODER LIGHT 
/FILTER-SELECTS AND OUTPUTS 
PORT C WHEN ENABLED 
THE CORRECT FILTER TO 
FILTER 
COMPAR 
FILRET 
TWAVEO 
DI 
LDA CURWAV+2 
EI 
LHLD CURWAV 
MOV C,A 
XCHG 
LXI H,TWAVEO 
MVI B,1 
CPI OFFH 
JZ FILRET 
MOV A, E 
SUB M 
INX H 
MOV A,D 
SBB M 
INX H 
MOV A,C 
SBB M 
JM FILRET 
INX H 
B 
COMPAR 
A/ B 
NUMFIL 
PRT1C 
INR 
JMP 
MOV 
STA 
OUT 
RET 
DW 
DB 
DW 
22000 
00000 
27000 
,DISABLE INTERRUPTS 
,LOAD CURRENT WAVELENGTH 
,SAVE CURWAV IN CD/E 
,POINT TO FILTER WAVELENGTH 
,B=l/FILTER NUMBER 
, WAVELENGTH -'.O OONM? 
,YES-FILTER NUMBER=1 
.MOVE LSB TO A 
,SUBTRACT LSB FROM TABLE 
,INCREMENT TABLE POINTER 
.MOVE MID BYTE TO A 
/SUBTRACT MID BYTE FROM TABLE 
,INCREMENT TABLE POINTER 
MOVE MSB TO A 
SUBTRACT MSB FROM TABLE 
VALUE IN TABLE>CURWAV?-YES-JMP 
NO-INCREMENT TABLE POINTER 
INCREMENT FILTER NUMBER 
COMPARE NEXT VALUE IN TABLE 
MOVE FILTER NUMBER TO A 
STORE FILTER NUMBER 
OUTPUT TO PORT C 
, FILTER 2 :*220 OONM 
, FILTER 3 '. 270 OONM 
DB 
DW 
DB 
DW 
DE 
DW 
DE 
DW 
DB 
DW 
DB 
DW 
DE 
DW 
DB 
DW 
DB 
00000 
36000 
00000 
40800 
00000 
50800 
00000 
58400 
00000 
65500 
00000 
70000 
00001 
78000 
00001 
OFFFFH 
00002 
.FILTER 4 ;360 OONM 
,FILTER 5 >408 OONM 
, FILTER 6 >508. OONM 
,FILTER 7 5584 OONM 
,FILTER 8 :655 OONM 
,FILTER 9 >700 OONM 
,FILTER 10 >780 OONM 
, END OF TABLE MARt ER 
.0UT1- OUTPUT ROUTINE FOR OUTPUT BUFFER 
0UT1 
BCDBI 
IN 
ANI 
RZ 
LDA 
MOV 
MVI 
DCR 
STA 
LXI 
DAD 
MOV 
OUT 
RET 
CONVERTS 
SIOC 
4 
BUFPOI 
E, A 
D,OOOH 
A 
BUFPOI 
H,EUFOUT-1 
D 
A/M 
SIOD 
,OUTPUT SIO BUFFER FULL 
, YES-RETURN 
. CALCULATE LOCATION TO CHARACTER 
, TO BE OUTPUT 
, NO-OUTPUT NEXT DIGIT 
BINARY CODED DECIMAL NUMBERS TO BINARY 
NUMBERS 
BCDBI SUB A 
MOV D, A 
MOV E, A 
STA DATA 
LXI H, PSTACK 
LXI B, 10000 
CALL DIGIT 
LXI B,1000 
CALL DIGIT 
LXI B, 100 
CALL DIGIT 
LXI B,10 
CALL DIGIT 
LXI B, 1 
CALL DIGIT 
PUSH D 
,CLEAR A 
.CLEAR D 
,CLEAR E 
.CLEAR DATA 
.POINT TO INPUT BUFFER 
.LOAD MULTIPLIER 
.CONVERT FIRST DIGIT 
.LOAD MULTIPLIER 
.CONVERT SECOND DIGIT 
,LOAD MULTIPLIER 
,CONVERT THIRD DIGIT 
.LOAD MULTIPLIER 
.CONVERT FOURTH DIGIT 
/LOAD MULTIPLIER 
,CONVERT LAST DIGIT 
,SAVE LOWEST TWO BYTES 
SUB A 
, COMPL-
IN OMPL 
DIGIT 
DIGIA 
CALL BUFFIN 
POP 
LDA 
MOV 
LDA 
ANA 
MVI 
STA 
MOV 
RZ 
H 
DATA 
B, A 
NEGFL 
A 
A, 0 
NEGFL 
A, E 
• COMPLEMENTS 
MGV 
CMA 
AD I 
MOV 
MOV 
CMA 
ACI 
MOV 
MOV 
CMA 
ACI 
RET 
MOV 
MVI 
INX 
A, L 
OOIH 
L, A 
A, H 
OOOH 
H, A 
A, B 
OOOH 
A, M 
M. 0 
H 
XCHG 
DCR A 
JM BACK 
DAD 
JNC 
B 
DIGIA 
PUSH PSW 
LDA 
INR 
STA 
POP 
JMP 
DATA 
A 
DATA 
PSW 
DIGIA 
BACK 
,CLEAR A 
,CLEAR INPUT BUFFER DISPLAY 
,RESTORE LOWEST TWO BYTES 
,RESTORE MSB 
,SAVE MSB IN B 
,NEGATIVE NUMBER-
,SET FLAGS 
,CLEAR NEGITIVE FLAG 
,RETURN MSB TO A 
,NO-RETURN 
B, H, L 
COMPLEMENT LSB 
COMPLEMENT MID BYTE 
COMPLEMENT MSB 
.MOVE BCD NUMBER INTO A 
CLEAR INPUT BUFFER 
INCREMENT POINTER 
EXCHANGE D V E WITH H V L 
DECREMENT A 
IF IT WAS ZERO 
IT WASN'T ZERO 
TEST FOR CARRY 
CARRY INCREMENT DATA 
LOAD DATrt 
INCREMENT DATA 
SAVE DATA 
RESTORE PWS 
THEN RETURN 
DAD B 
CALCULATION IS COMPLETE XCHG 
RET 
DIFF SUBTRACTS THE NUMBER POINTED TO BY HL FROM 
THE RESULT IS STORED IN BDE REGISTER A RETURNS 
CONTAINING A NUMBER FROM -128 TO 127 IF BDE IS 
THAN -128 THEN -123 IS RETURNED IN A IF DDE IS 
THAN 127 THEN 127 IS RETURNED IN A IF BDE IS BETWEEN 
-123 AND 127 THEN THE DIFFERENCE IS RETURNED IN A 
BDE 
LESS 
GREATER 
DIFF: MOV A. E 
SUB M 
MOV E. A 
/MOVE LSB 
.SUBTRACT 
,SAVE LSB 
TO A 
LSBS 
DIFFERENCE IN 
DIFF1 
DIFF2 
DIFF3 
BIBCD-
MOV A.D 
INX H 
SEE M 
MOV D,A 
MOV A.B 
INX H 
SEE M 
MOV B,A 
MVI A.0 
JP DIFF1 
DCR A 
CMP B 
JNZ DIFF2 
CMP D 
JNZ DIFF2 
XRA E 
MOV A,E 
JP DIFF3 
MOV A.B 
XRI 7FH 
ANA A 
RET 
i MOVE MDB INTO A 
.SUBTRACT MDBS 
{SAVE MDB DIFFERENCE 
.MOVE MSB INTO A 
,SUBTRACT MSB 
,SAVE MSB DIFFERENCE 
.CLEAR A AND SAVE FLAGS 
/DIFFERENCE POS 
/DIFFERENCE NEG STORE FFH IN A 
.COMPARE MSB WITH ZERO 
.JUMP TO DIFF2 IF MSB NON-ZERO 
.COMPARE MDB WITH ZERO 
.JUMP TO DIFF2 IF MDE NON-ZERO 
;IF A7=l SET MINUS FLAG 
.MOVE LSB DIFFERENCE INTO A 
.IF BIT 7 IS ZERO SET UP RETURN 
,IF A7=0 (A=OOH) A7=l (A=FFH) 
,CONVERT 00H>7FH AND FFH: 80H 
,SET FLAGS BEFORE RETURNING 
CONVERSION SUBROUTINE FOR CURRENT VALUE COUNTERS 
TO ASCII NUMBERS FOR DISPLAY AND TRANSMITTION 
VIA THE SIO PORT 
EI BCD 
BIBCDA 
BIBCDB 
BIBCDC 
LXI D/BCD+4 
MOV B, A 
ANA A 
JP BIBCDB 
MVI A, -' 
STAX D 
DCX D 
CALL COMPL 
STA DATA 
JMP BIBCDC 
STA DATA 
LXI B,-lOOOO 
CALL SUBBI 
LXI B,10000 
DAD B 
LXI B.-1000 
CALL SUBBI 
LXI B.1000 
DAD B 
LXI B,-100 
CALL SUBBI 
LXI B,100 
DAD B 
LXI B,-10 
CALL SUBBI 
.POINT TO BCD BUFFE 
.SAVE A 
/NEGATIVE-
,NO-JUMP BIBCDB 
,YES-MOVE '-' TO A 
J STORE IN MSD 
.DECREMENT POINTER 
, A, H,L=-(A, H. L) 
.SAVE MSB IN DATA 
,SKIP MSD (USED FOR 
,SAVE A IN DATA 
.LOAD DIVISOR 
.DIVIDE 
.RESTORE REMAINDER 
,LOAD DIVISOR 
.DIVIDE 
.RESTORE REMAINDER 
,LOAD DIVISOR 
.DIVIDE 
.RESTORE REMAINDER 
.LOAD DIVISOR 
.DIVIDE 
'- ) 
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/RESTORE REMAINDER 
iLOAD DIVISOR INTO B 
.MOVE ZERO ASCII TO A 
.SUBTRACT DIVISOR 
,BORROW?-YES-JUMP CARRY 
.NO-INCREMENT A 
,JUMP SUBBA 
,SAVE NUMBER 
,LOAD MSB 
/DECREMENT TEMP 
.SAVE MSB 
/RESTORE NUMBER 
,RETURN 
/STORE A S C I I NUMBER I N MEM 
DCX D .DECREMENT POINTER 
RET 
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MONOU- WAVELENGTH REGISTER UP INTERRUPT 
SUBBI 
SUBBA 
SUBBB 
CARRY 
SUBBAC 
LXI 
DAD 
LXI 
MVI 
DAD 
JNC 
INR 
JMP 
STA 
LDA 
DCR 
STA 
LDA 
JM * 
JMP 
B, 10 
E 
B,-1 
A, 0' 
E 
CARRY 
A 
SUBBA 
TEMP 
DATA 
A 
DATA 
TEMP 
JUBBAC 
SUBBB 
STAX D 
MONOU EI 
PUSH H 
LXI H,CURWAR 
INR M 
JNZ EACK1 
INX H 
INR M 
JNZ BACK1 
INX H 
INR M 
BACK1 MVI A,1 
STA DDONE 
BACK2 MVI A, ECU 
DI 
OUT LEOI 
EI 
POP H 
POP PSW 
RET 
,ENABLE INTERRUPTS 
,SAVE H 
/POINT HL TO LSB OF THE CURWAR 
,INR LSB OF CURWAV 
, CARRY--NO-JUMP EACr 1 
,YES-INCREMENT POINTER 
,INR MID BYTE OF CURWAV 
, CARRY--NO-JUMP BACI'l 
,YES-INCREMENT POINTER 
.INR MSB OF CURWAV 
.SET DISPLAY SERVICE FLAG 
.CLEAR ISR 
.RESTORE H 
,RESTORE PSW 
,MONOD- WAVELENGTH REGISTER DOWN INTERRUPT 
MONOD EI 
PUSH H 
LXI H.CURWAR 
SUB A 
CMP M 
DCR M 
, ENABLE INTERRUPTS 
,SAVEH 
.POINT TO CURRENT WAVELENGTH 
. A=0 
/LSB=0? 
,DECREMENT MEMORY 
JC BACK1 
INX H 
CMP M 
DCR M 
JC BAG 1 
INX H 
DCR M 
JMP BACK1 
,NO-RETURN 
,YES-INCREMENT POINTER 
.MID BYTE=0-
.DECREMENT MEMORY 
,NO-RETURN 
.YES-INCREMENT POINTER 
,DECREMENT MEMORY 
,END OF INTERRUPT 
/SLITC- SLITWIDTH CALIBRATION INTERRUPT SUBROUTINE 
SLITC PUSH H 
SUB A 
STA CASLIN 
STA CURSLI+2 
MVI A,SLCAST 
STA SLITST 
LXI H.SLITCA 
SHLD CURSLI 
JMP BACK1 
.SAVE H 
, A=0 
.CLEAR SLIT CAL INTERRUPT FLAG 
,CLEAR MSB CURSLI 
.MOVE SLIT STEPS AT CAL TO A 
,SET SLIT STEPS 
,MOVE SLITWIDTH AT CALID TO H, L 
.SET SLITWIDTH 
.END OF INTERRUPT 
.WAVEC- WAVELENGTH CALIBRATION INTERRUPT SUBROUTINE 
J 
WAVEC 
CLCO 
C LOCI-
PUSH H 
SUB A 
H 
STA 
STA 
STA 
LXI 
SHLD 
CAWAIN 
CURWAV+2 
OLDWAV+2 
H,WAVECA 
CURWAR 
CALL CORWAV 
LHLD CURWAV 
SHLD OLDWAV 
JMP BACr 1 
SAVE 
A=0 
CLEAR WAVE CAL INTERRUPT FLAG 
CLEAR MSB CURRENT WAVELENGTH 
CLEAR MSB OLD WAVELENGTH 
LOAD CALIDRATION WAVELENGTH 
SET CURRENT WAVELENGTH 
,SET OLD WAVELENGTH 
.END OF INTERRUPT 
INTERRUPT SUBROUTINE TO CONTROL WAVELENGTH AND 
SLITWIDTH STEPPING. FLASHING ERROR DISPLAY COUNTER 
AND WAVELENGTH MOVEMENT ERROR COUNTER 
PUSH H 
PUSH B 
LXI H,COUNT4 
INR M 
EI 
IN PRT1A 
ANI 3 
XRI 003H 
ANA A 
JZ CLOCK1 
LXI H, COUNTB 
MVI A,07FH 
CMP M 
.SAVE H 
, SAVE B 
.POINT TO FLASHING DISPLAY COUNTER 
. INCREMENT COUNTER 
, ENABLE INTERRUPTS 
,READ PORT A 
, WAVELENGTH SLEW IN PRCinRESS"' 
,NO-JUMP CLOCK1 
,YES-POINT TO WAVE MOVE COUNTER 
, COUNTS? =7FH~' 
JM CL0CK1 
INR M 
CL0CK1 LXI B,OFFFFH 
IN PRT1B 
ANI 01 OH 
JNZ CLOCI- S 
LDA ESTEP 
ANA A 
JZ CLOCKS 
LHLD WDELC 
DCX H 
SHLD WDELC 
DAD B 
JC CLOCI- S 
CPI i 
JZ CLSTUP 
CALL STEPD 
JMP CL0CK2 
CLSTUP CALL STEPU 
CLCO 2 SUB A 
STA ESTEP 
LDA COUNT'.! 
CPI 07FH 
JP CLOCKS 
AD I :S 
STA COUNTS 
CLOCKS LDA ESLIT 
ANA A 
JZ CLRET 
LHLD SDELC 
DCX H 
SHLD SDELC 
DAD B 
JC CLRET 
CPI 1 
J7. CLSLUP 
CALL SSTEPD 
JMP CLRET1 
CLSLUP CALL SSTEPU 
CLRET1 SUB A 
STA ESLIT 
CLRET POP B 
, YES-JUMP CLOCM 
,NO-INCREMENT COUNTS 
. B=-l 
.FILTER CHANGING-' 
,YES-DON'T STEP'' 
, NO-WAVE STEP ENABLED "' 
.NO-JUMP fLOCf S 
,YES-LOAD WAVELENGTH STEP DELAY 
,DECREMENT 
.SAVE DELAY 
,WDELC ZERO-
,NO-JUMP CLOCKS 
, YES-STEP UP ENABLED"' 
,YES-JMP CLSTUP 
,NO-STEP DOWN 0 OINM 
/STEP UP 0 OINM 
.CLEAR A 
,CLEAR WAVELENGTH STEP ENABLE 
.LOAD COUNT3 
.TEST WAVE MOVE ERROR COUNTER 
,ADD 8 TO C0UNT3 
, SAVE COUNTI! 
. SLIT STEP ENABLED "' 
,NO-RETURN 
,YES-LOAD SLITWIDTH STEP DELAY 
.DECREMENT STEP DELAY 
.DELAY ZERO-' 
,NO-RETURN 
.YES-STEP UP-
,YES-JUMP C LSLUP 
,STEP SLIT DOWN 0 25UM 
/STEP SLIT UP 0 25UM 
. A=0 
,CLEAR SLIT STEP ENABLE 
.RESTORE B 
JMP BACr 2 
. *itttit#iHt#-*it-f#-qit##*#itit#^ 
, itititititititit-it-ttititititit INTERRUPT VECTOR AREA -tt-H-ititititit-B-f-fititM-itttit 
, i t # # # i t # i t - * # i t i t - # < i t i t # # # i t i t i f i t # ^ itititit-H i t i t i t H i t i t i t i t i t i t ft <fititit 
ORG OFEOH+PROGST 
IRO 
IR1 
PUSH PSW 
JMP MONOU 
PUSH PSW 
JMP MONOD 
, INCREMENT WAVELENGTH REGISTER 
.DECREMENT WAVELENGTH REGISTER 
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IR2 
IRS 
IR4. 
IRS 
IR6 
IR7 
PUSH PSW 
JMP SLITC 
PUSH PSW 
JMP WAVEC 
PUSH PSW 
JMP CLOCK 
RET 
RET 
RET 
RET 
RET 
RET 
RET 
RET 
RET 
RET 
RET 
.SLITWIDTH CALIBRATION INTERRUPT 
.WAVELENGTH CALIBRATION INTERRUPT 
.CLOCK INTERRUPT (200HZ) 
,INACTIVE INTERRUPT 
,INACTIVE INTERRUPT 
,INACTIVE INTERRUPT 
RET 
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ititititititititit-fitit*-*-*-*- RAM STORAGE *•*•*•*•*•***•**#•*•**#*###****•*•# ft 
* - f i t i t i t **•*•#*"**•*•#*• *• i t * -K *-*•*•*•*•*•* ii -f -ft i t i t * * * -f it i t i i * # # • » * H* it it-ft i t * •«•«*•** 
COUNTERS.REGISTERS. AND FLAGS 
:iRG RAMSTA 
0 
FLAGS FOR WAVELENGH ROUTINES 
ESTEP DS 
ESLEW DS 
EBACr L DS 
MDONE DS 
CALWAV DS 
CAWAIN DS 
, WAVELENGTH REGISTER'! 
CURWAV DS 
CURWAR DS 3 
DESWAV DS 
DSWAVS DS 
SLEWAV DS 
OLDWAV DS 
WDELT DS 2 
WDELC DS 2 
,STEP UP ENABLED UP=1 AND D0WN=2 
.SLEW ENABLED=1 DISABLED=0 
.BACKLASH MOVE RE0UIRED=1 
.WAVELENGTH CALIBRATION FLAG 
.CALIBRATION INTERRUPT FLAG 
,CURRENT WAVELENGTH 
,CURRENT WAVELENGTH ON READOUT 
.DESIRED WAVELENGTH 
.DESIRED SLEWING WAVELENGTH 
,WAVELENGTH STEP DELAY/200HZ 
.WAVELENGTH STEP DELAY COUNTER 
.FILTER FLAG AND REGISTER 
i 
ENFIL- DS 1 
NUMFIL DS 1 
.FLAGS FOR SLIT ROUTINES 
ESLIT 
SDONE 
ESBACK 
SLITST 
CALSLI 
CASLIN 
DS 1 
DS 1 
DS 1 
DS 1 
DS 1 
DS 1 
SLIT STEP ENABLED UP 
SLIT SERVICE FLAG 
SLITWIDTH BACKLASH FLAG 
SLITWIDTH STEPS BETWEEN 
SLIT CALIBRATION FLAG 
CALIBRATION INTERRUPT FLAG 
1 AND DOWN=: 
EN-:: 0 
UM 
.SLIT REGISTERS 
CURSLI 
DESSLI 
DSSLIS 
SLESLI 
SDELT 
SDELC 
DS 
DS 
DS 
DS 
DS 
DS 
CURRENT SLITWIDTH 
DESIRED SLITWIDTH (MOVING TO) 
DESIRED SLITWIDTH 
BACKLASH MOVE FOR SLIT 
SLIT STEP DELAY/200HZ 
SLIT STEP DELAY COUNTER 
OTHER REGISTER': 
SLAVE 
STATUS 
TEMP 
DATA 
ERFLAG 
C OUNT3 
COUNT4 
BUFOUT 
BUFPOI 
NEGFL 
DS 1 
DS 1 
DS 1 
DS 1 
DS 1 
DS 1 
DS 1 
DS 5 
DS 1 
DS 
. SLAVE MODE--.: 0, KEYBOARD MODE=0 
,SMOVING=040H. C SLIT=OOOH 
,M0VING=010H. CWAVE=020H 
.ERROR FLAG/REGISTER 
,COUNTER FOR MOVEMENT ERRORS 
.COUNTER FOR FLASHING DISPLAY 
,SIO OUTPUT BUFFER 
,SIO OUTPUT BUFFER POINTER 
.NEGATIVE NUMBER IN INPUT BUFFER 
.WHEN NGN ZERO 
.FOR KEYBOARD/DISPLAY 
SHIFTC DS 1 
DDONE DS 1 
BCD DS 5 
C0UNT1 DS 1 
C0UNT2 DS 1 
ENINP DS 1 
OLDIN DS 1 
PSTACK DS 5 
SHIFT FLAG 0N=1 OFF=0 
DISPLAY FLAGS NEEDS SERVICE=1 
BCD BUFFER 
COUNTS THE NUMBER OF TIMES 
SAME INPUT IS REPEATED 
COUNTS THE NUMBER OF TIMES NO 
HAS APPEARED 
KEYBOARD NOT ENABLED=0 
LAST CHARACTER INPUT TO I EYBOARD 
PROGRAM STACK 
END 
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